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Preface
"There is very little profit in studying natural science in 
a book, as if it were grammar or history; for nothing of 
the peculiar discipline which the proper study of science 
supplies can be obtained in that way, although some 
information on scientific subjects may be so acquired."
Charles Eliot 
(Hurd, 1961, p. 7)
"Teachers tend to teach as they were taught, 
not as they were taught to teach."
R. W. Burnett 
(Burnett, 1963, p. 70)
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LESSONS FROM THE PAST: AN HISTORICAL ANALYSIS
OF SCIENCE EDUCATION (BIOLOGY) CURRICULUM REFORMS
1950 TO 1975 
ABSTRACT
The purpose of this historical study was to determine 
what relationship existed between preservice science 
(biology) teacher education and the reforms in secondary 
school biology between 1950 and 1975.
Secondary school biology textbooks (Modern Biology and 
BSCS Blue and Green), higher education biology textbooks, 
and teacher education methods textbooks were analyzed using 
an evaluation tool derived from A Curriculum Material 
Analysis System for Science (Haussler and Pittman, 1973) 
and the Science Textbook Evaluation Instrument (Virginia 
Department of Education).
Findings confirmed the hypothesis that innovations and 
reforms in public high school biology textbooks preceded 
reforms in higher education teacher education programs. It 
was found that teachers were not being completely trained 
to teach the reform biology curricula of 1950 to 1975.
GWETHELDENE LOUISE HOLZMANN 
HIGHER EDUCATION ADMINISTRATION PROGRAM 
THE COLLEGE OF WILLIAM AND MARY IN VIRGINIA
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LESSONS FROM THE PAST: AN HISTORICAL ANALYSIS 
OF SCIENCE EDUCATION (BIOLOGY) CURRICULUM REFORMS
1950 TO 1975
CHAPTER ONE 
Introduction
"Science Under Scrutiny" (Cole, 1990)
"Science Education: A Call to Action" (McBrayer, 1991) 
"Radical Reform for Science Education" (Holden, 1989) 
"Science Education Policies for National Survival"
(The American Chemical Society, 1990)
The headlines proclaim the existence of a crisis in 
science education. An abundance of articles in the 
scholarly and popular press gives pertinent and convincing 
details such as the United States recently ranked 
thirteenth in the world for student performance in science 
(Beardsley, 1992). Government and professional 
organizations are once again answering the calls for reform 
and are taking steps to ameliorate the problems and 
strengthen American science education. Former President 
Bush established the following goal: "By the year 2000,
U.S. students will be first in the world in science and 
mathematics achievement" (Beardsley, 1992, p. 101) and 
President Clinton has stated that "world-class standards in 
math, science, and other subjects" (Clinton, 1993, pp. 4-5) 
need to be established as the first step to achieving that
2
goal.
The current calls for reform cause both personal 
consternation and excitement. Consternation because the 
problem has been allowed to degenerate to the present state 
without intervention. Excitement because this researcher's 
love for science and teaching compels her to desire to play 
a role in the reform efforts. As the researcher struggled 
to understand the present situation, she sought out the 
past, convinced that what she would learn from the lessons 
of the past would make her more effective in the future 
. . . both in the classroom and in reform efforts.
Background
Science Education in the United States has always been 
susceptible to political and societal pressures to reform. 
Since its inclusion in the general curriculum in the late 
1700's and early 1800's, it has often been the center of 
controversy and debate. Discussion has concentrated around 
such issues as the use of textbooks to teach science, the 
role of the laboratory in science education, teaching 
methods, science teacher training, and the coordination of 
higher education and secondary education. Curricula 
developed over the years have been reformed to reflect the 
educational trends and philosophies in vogue at the time as 
well as the current scientific advances, although Hurd has 
claimed that, "Education in the sciences has never kept
pace with the achievements of science" (1961, p. 5).
During each period of reform, the historical roots of 
past debates have surfaced and served as a reminder of the 
state of science education as a whole and a compass for 
future direction. But as Hurd states, "It cannot be 
assumed that either teaching practices or the structure of 
biology courses immediately reflected the recommendations" 
(1961, p. 18) of any of the well intentioned reformers.
A particularly significant period of reform occurred 
between 1956-1975. A number of the ideas that had been 
advocated in previous decades were finally implemented on a 
large scale (DeBoer, 1991). During this time period, new 
secondary school science curricula were developed by 
research scientists, college level science faculty, science 
educators, and high school science teachers. It was 
discipline based, logically structured, and stressed the 
inquiry approach (see Glossary) to learning. "Designed for 
all students in American high schools— regardless of 
aptitudes or career goals" (Schwab, 1963, p. xi), the 
curricula emphasized theory and basic science through a 
rigorous treatment of subject matter including abstractions 
and derivations. This was in contrast to the emphasis on 
application and technology found in previous traditional 
courses (Sund & Trowbridge, 1967). These curricular 
reforms were unique in their focus on upgrading teacher 
training, their national scope, their funding by the
federal government (National Science Foundation, NSF), and 
their widespread use across the country (DeBoer, 1991).
One of these innovative curricula was developed by the 
Biological Sciences Curriculum Study group (BSCS) appointed 
by the National Academy of Sciences-National Research 
Council and the American Institute of Biological Sciences. 
This curricula was entitled BSCS. Between 1959 and 1963, 
the group developed and field tested three textbook 
versions and a myriad of support material for use in high 
school biology classes. "If used as they were intended, 
they held out the hope of correcting many of the less 
desirable practices of the past" (DeBoer, 1991, p. 151), 
practices prevalent in biology teaching such as presenting 
biology as a set of stable facts through the phylogenetic 
approach and requiring students to memorize factual 
material instead of biological concepts.
In 1963, the first year BSCS was commercially 
available, 2.25 million copies were sold (Mayer, 1978, p. 
41-42). A survey in 1977, indicated that for the 1976-1977 
school year, approximately 50% of the school districts 
surveyed were using one or more of the BSCS versions for 
biology instruction. "Never before had a single curriculum 
initiative had such a widespread effect on science teaching 
in this country" (DeBoer, 1991, p. 167).
But:
the success or failure of any instructional program
6ultimately depends upon the classroom teacher. The 
classroom proving ground becomes of utmost importance 
when changes in the curriculum embody a basic 
philosophical difference in the approach to the 
teaching of a subject area. The new science programs 
being recommended definitely require the teacher to 
change his approach if he is to succeed in getting 
across to the students the objectives for which the 
courses were designed. (Lee, 1967, p. 41)
The new curricula required the teacher to change their 
teaching methods from being teacher-centered where 
knowledge and facts were dispensed primarily through 
lectures and textbooks to methods which were student- 
centered where concepts were learned through activity and 
discussion. Teachers had to create classroom situations 
which stimulated students to formulate problems and 
hypotheses, design their own studies, and collect and 
interpret data through laboratory investigations and class 
discussion. Different answers and experimental results 
were acceptable and students were "not told the question's 
answers or told that only one right answer exists" 
(Lazarowitz & Lee, 1976, p. 455). Thus, students became 
"active participants in the learning process" and carried 
"more responsibility for their own learning" (Sund & 
Trowbridge, 1967, p. 60).
One specific aspect of this change in the approach to
teaching which was precipitated by the reforms was a shift 
to emphasis on process skills (see Glossary) or inquiry. 
Teachers had to understand and use the advocated skills 
integrated into the curriculum to teach effectively. In 
their research, Campbell and Okey (1977) refer to a study 
which revealed that preservice teachers performed poorly on 
process skill tests even though they had completed a 
minimum of 15 semester hours of college science 
instruction. This is not surprising since most 
instruction, even today, focuses not on skills but on the 
memorization of facts, especially in science courses. It 
is unfortunate that "many of our teacher training 
institutions continue to produce biology teachers trained 
only in classical biology, apparently without cognizance of 
the revolution that has occurred in the secondary biology 
curriculum" lamented Hutto (1965, p. 766), because research 
also indicates that "a teacher whose own education has been 
dogmatic and doctrinaire will be unprepared to teach 
science as inquiry" (Sund & Trowbridge, 1967, p. 38). This 
is why Winter (1965) believes that, "It is vital that he be 
taught as he is expected to teach, i.e., to build the 
conception of science and science teaching which he will 
transmit to the next generation of high school students"
(p. 106).
Reformers need to realize that similar deficiencies in 
the science preparation of teachers may be revealed as
8curricula are being developed and implemented on the 
elementary and secondary levels. Therefore, it is 
necessary for reformers to think beyond grade twelve and 
consider the effect their curriculum revisions will have on 
college courses and degree programs. Including higher 
education in the reform cycle will prevent the 
implementation of curriculum by teachers unfamiliar with 
its philosophy and procedures (National Science Teachers 
Association, 1964). This is critical since, as Roberts 
(1980) reports, there is a fundamental difference between 
theory and practice and consequently there is "no 
reasonable basis for expecting theory to be directly put 
into practice, even when theory is embodied consistently in 
curriculum materials" (p. 65).
Purpose of the Study
In an effort to discover how reform was coordinated 
between the higher education and secondary education 
sectors, this study sought to piece together what was 
actually occurring in the biology and teacher education 
classrooms of this country during the 1950 to 1975 period 
of reform. The purpose of this study, therefore, was to 
determine what relationship, if any, existed between 
preservice science (biology) teacher education and the 
reforms in secondary school biology that occurred between 
1950 and 1975.
Research Questions
In order to determine the relationship between 
preservice science teacher education and secondary school 
reforms in biology during the reform years, several key 
questions needed to be answered.
1. Did the reformers of high school biology curricula 
work with or consult higher education teacher education 
authorities as the reforms were being developed and 
pursued?
2. Did higher education faculty in university and 
college science and education departments cooperate with 
each other as the high school curricula were being 
developed?
3. If so, were there corresponding reforms in teacher 
education and college biology?
4. Were prospective teachers actually being trained to 
teach the new, innovative curricula through their college 
science and teacher education coursework?
To determine if teachers were being prepared in a 
manner consistent with the curriculum reforms, the content 
of higher education teacher education methods textbooks, 
biology textbooks, and secondary school biology textbooks 
were compared.
General Description of the Study
This research project is an historical qualitative
study which deals with the content analysis of science 
teacher education methods textbooks and secondary and 
college level biology textbooks published between 1950 and 
1975. The best selling secondary school traditional 
biology text series, Modern Biology, published by Holt, has 
been contrasted with the reform curricula, Biological 
Sciences Curriculum Studies (BSCS). The secondary 
education curricular materials themselves, along with 
curricular materials from college biology and teacher 
education courses, have been analyzed in an effort to 
develop a picture of what was occurring in classrooms 
during the reform period. The results of these analyses 
can be found in chapters four, five, six, and seven. A 
detailed discussion of the research methodology used can be 
found in chapter two. The results of the literature review 
are discussed in detail in chapter three.
Hypotheses
At the outset of this study, the following hypotheses 
were derived from the research questions and literature.
1. The analyses will reveal that innovations and 
reforms in public high school biology textbooks preceded 
reforms in higher education teacher education programs.
This would mean that prospective teachers were not being 
taught the necessary skills, behaviors, or methods in their 
required college coursework, including their science
11
methods textbooks, for the advocated reforms in biology 
education to be adequately instituted at the secondary 
level in biology classrooms across the country.
2. The analyses will reveal an inordinately long 
period of time before prospective teachers were being 
instructed in the methods necessary for them to function 
effectively in secondary classrooms with innovative 
curricula. This is hypothesized to be the case due to an 
assumed lack of coordination between the sectors of higher 
education and secondary education during the reform period 
encompassed by the study.
Significance of the Study
This study is significant in several respects. Since 
"no large surveys were conducted on secondary school 
science practices in the late 1950's and 1960's" (Helgeson, 
Blosser & Howe, 1977, p. 34), it adds information to the 
research data base on what teaching practices were 
prevalent during this time period. And it begins to 
clarify the link between teacher preparation and teaching 
practices which Darling-Hammond and Hudson (1990) cite as a 
needed area of research.
This study is also significant in that the researcher 
has found no study comparing textbooks on one subject 
across several different levels of education. In fact, 
texts seemed to be a virtually ignored source for document
12
analysis and research (Elliott & Woodward, 1990). Lowery 
and Leonard (1978) reiterate this fact: "As of this
writing, the literature includes no study of the textbook 
and its relationship to the processes of inquiry and no 
study relating the science textbook to the teaching of 
science" (p. 1). This study begins to explore this 
critical issue.
This study may also be beneficial in that it offers an 
historical perspective on the current cycle of science 
education reform. The data generated should detect any 
interconnectedness exhibited between the various Sectors of 
education and illustrate the level of cooperation exhibited 
during periods of reform. The data should also indicate if 
higher education was acting proactively or reactively to 
the reforms in secondary science curricula during the time 
period encompassed by this study. The study may also 
reveal specific areas of science teacher education which 
may need to be reformed in the current cycle.
Connections to Higher Education
The data generated from this study will aid the 
current science reform process by illustrating areas which 
may have been overlooked in the previous decades of reform, 
by linking higher education to secondary school reforms, 
and by delineating areas of science teacher education which 
may need to be reformed so that teachers presently being
13
trained will be prepared to teach the reformed curricula of 
the twenty-first century.
CHAPTER TWO 
Research Design
In order to determine the relationship between 
preservice science (biology) teacher education and the 
reforms in secondary school biology education from 1950 to 
1975, curricular materials from teacher education methods 
courses, college level biology courses, and secondary 
school biology courses were analyzed by content analysis. 
Subsequent sections of this chapter give a detailed account 
of the research design.
Method of Analysis
Merriam (1988) defines content analysis as "a 
systematic procedure for describing the content of 
communications" (p. 116). When used in qualitative case 
studies such as this one, content analysis "looks for 
insights in which 'situations, settings, styles, images, 
meanings and nuances are key topics'" (p. 117). Textbooks 
are primary historical documents which are used to 
communicate subject matter to students on all educational 
levels. They "define much of what teachers teach and 
students learn, and . . . are worthy objects of discussion,
14
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debate, and research" (Elliott & Woodward, 1990).
Therefore, content analysis of textbooks is an appropriate 
research method for determining the answers to the 
aforementioned research questions.
Textbooks most often provide the structure and 
sequence for presentation of course material and determine 
objectives (Merrill, 1969). Yager (1981) cites a previous 
study by Stake and Easley which found that textbooks 
dominated the science learning experience. Data indicated 
that 90-95% of 12,000 teachers surveyed indicated they used 
texts 90% of the time. Yager comments that:
behind every teacher-learner transaction . . . is an 
instructional product waiting to play a dual role as 
medium and message. They commanded teachers' and 
learners' attention. In a way, they largely dictated 
the curriculum. Curriculum did not venture beyond the 
boundaries set by the instructional materials, (p. 25) 
Thus, content analysis of secondary school textbooks should 
provide insights into what was being communicated to 
students in their science courses during the time period 
under investigation in this study.
On the higher education level, the content analyses of 
teacher education methods textbooks have also been compared 
to a number of course syllabi and course descriptions 
culled from library research. The course syllabi and 
course descriptions are from courses taught during the time
period encompassed in this study. These additional tools 
have been used on the higher education level as a basis of 
comparison to the text analyses, since higher education 
courses may not be as textbook driven and dependent as 
those on the secondary level.
The use of content analysis on higher education 
textbooks was based upon the assumption that if reforms 
took place at the higher education level they would be 
revealed in texts just as they were at the secondary level. 
Analysis of higher education textbooks was also based upon 
the premise that professors would choose texts consistent 
with their philosophy of science education, course 
objectives, and classroom teaching methods. Thus, this 
study focused on the content of preservice courses as 
portrayed in the textbooks and not on the teaching methods 
used in the higher education courses to promote skill 
acquisition (such as microteaching and videotaping).
Sample
Time period.
The years 1950 to 1975 represent a significant time 
period for science education. This time period is 
particularly momentous because it was within these years 
that Sputnik was launched. October 4, 1957, is the date 
most often referred to as marking the serious beginning of 
science education reform. As Sund and Trowbridge (1967)
17
have stated, "The reverberations set off in education by 
the rumblings of the first Russian satellite booster are 
still being felt" (p. 48). But "Sputnik did not launch the 
science teaching reform in the West— it had already 
started— nor did it change its course, but it certainly 
helped to loosen government and private purse strings in 
the United States for financial support on a scale 
previously unmatched" (Baez, 1976, p. 71). Yager (1981) 
has documented that "approximately $2-billion were funneled 
into improving science education during the two decades 
following the launching of Sputnik" (p. 16), funding that 
"all but terminated in 1976" (Yager, 1981, p. 17). A 
substantial portion of these funds were allocated for 
curriculum improvement to bring "textbooks into closer 
connection with the fields of knowledge" (Schwab, 1963, p. 
7). Therefore, the selection of the time period from 1950 
to 1975 gave a baseline for textbook analyses before the 
reform process began, the time during the reform process, 
and a period of time post-reform (but before the next cycle 
of changes were instituted).
Paul DeHart Hurd has labelled a portion of these years 
(1960-1975) "The Golden Age of Biological Education"
(Mayer, 1978). He cites them as the most active years in 
biology teaching in the history of this country. This was 
due to several factors. The principal reason was the 
financial support for curriculum development by the NSF.
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It has been documented by Arnold Grobman (1969) that NSF 
and other agencies supported BSCS with more than $10 
million over a ten year period. The NSF also funded 
teacher training efforts and there was a three fold 
increase in the research of biology education (Mayer,
1978) . Therefore, this time period was also one that was 
crucial to biology education.
Subject.
Biology education curricular reforms were chosen for 
several reasons. First of all, biology was and is the most 
commonly studied science in high school. Fowler (1964) 
cites a study entitled Offerings and Enrollments in Science 
and Mathematics in Public High Schools. 1958 which states 
that 92% of the schools offered biology. In a study by 
Helgeson, Blosser, and Howe (1977), it was found that "in 
most states over 80% of the students enroll in a biology 
course at sometime during their high school program" (p.
26). The "percentage of students going to high school 
almost doubled in the decade from 1950 to 1960" (Hurd,
1970, p. 53). Consequently, biology enrollments also 
doubled, from 1.3 million in 1955 to 2.6 million in 1965 
(Lightner, 1968). "For many this is their first, last, and 
only contact with a science and, therefore, at this point 
one could contact the greatest number of citizens" (Mayer, 
1967, p. 357).
Because biology was studied by more students than any 
of the other sciences, and because of escalating 
enrollments, any changes in the biology curriculum would 
have a greater impact than those occurring in other science 
subjects. This factor was taken into account when the 
subject was being selected for this study, as was the fact 
that the reforms in biology were widely regarded as more 
successful than similar reforms in other sciences during 
the time period encompassed by this study. DeBoer (1991) 
attributes this to the fact that biology reforms had more 
moral and financial support than those in the other 
sciences.
A final reason for choosing biology as a subject was 
that the researcher was most familiar with the subject 
matter. This is due to her experience as a student and as 
a teacher on both the secondary and college levels.
Textbooks.
Biology courses in the late 1950's were primarily 
based on the Modern Biology book published by 
Holt. The three textbooks (blue, yellow and 
green) developed by the Biological Science 
Curriculum Study (BSCS) were adopted by many 
schools during the late 1950's, 1960's, and 
1970's. Data indicate about 40% of the students 
studying biology were using one of the three BSCS
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versions at that time; about 35-40% of the 
students were using the Modern Biology text.
(Helgeson, Blosser, & Howe, 1977, p. 26)
Therefore, these two secondary textbook series were 
contrasted in this study.
The science methods texts and college biology texts 
were chosen from lists published in scholarly journals and 
publications as well as from those listed in the Cumulative 
Book Index. American Educational Catalog, and Texts in 
Print. Because of the plethora of college biology texts it 
was virtually impossible to analyze each publication. 
Therefore, Dr. Coursen, a College of William and Mary 
biology faculty member, was consulted (personal 
communication, July, 1992). He recommended several 
textbooks as representative of introductory college biology 
textbooks from a list compiled by the researcher of all the 
titles that could be identified as published during the 
time period under investigation. These textbooks were 
either the best sellers or those best remembered from the 
time period encompassed in this study.
The inclusion of all texts and laboratory manuals in 
this study has been based upon their current availability. 
If a laboratory manual was not available for review and no 
lab activities were presented in the text, then it was 
evaluated as not having a laboratory component. A list of 
the textbooks and laboratory manuals analyzed can be
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located in Appendix A.
Topics for analysis.
Once the textbooks were selected, a procedure had to 
be devised for sampling the books. It was decided that it 
would be best to analyze selected topics instead of random 
pages. This sampling technique would provide a consistent 
basis for comparison of the data between the various types 
of textbooks and reveal any existing trends between 
educational levels and time periods as well as the various 
curricula.
The following topics were selected for analysis: the
scientific method, classification, amphibians, heredity, 
and ecology. It was crucial that students comprehend the 
methods of science which includes the scientific method.
An understanding of the methods of science was essential to 
understanding the process by which scientific knowledge is 
generated and how scientists work. Classification provided 
the student with information on how biologists organize the 
multitude of diverse forms of life. Many students have 
vivid memories of their first encounter with frog 
dissection in biology class. Often this is perceived as 
synonymous with biology, thereby making it an important 
topic to include in this research project. Principles of 
heredity began to be included in high school textbooks 
during the time period encompassed in this study due to the
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then recent discoveries on DNA and genetics. Sections of 
textbooks dealing with Mendel's laws, dominance, and Punnet 
squares were reviewed as illustrating principles of 
heredity. Often a course in biology would conclude with 
ecology. This enabled important biological principles to 
be applied on a practical level by the student. Portions 
of texts dealing with habitats, niches, food chains, and 
succession were analyzed as illustrative of selected 
concepts in ecology.
The inclusion of all of these topics in this study 
provided a representative sample of subject matter which 
could be found in traditional and reform textbooks on the 
secondary level as well as textbooks on the college level. 
These topics also accommodated a variety of different types 
of representative laboratory activities. Moreover, these 
topics were listed among the fundamental topics which 
should be included in a tenth grade biology course (Rabb, 
1965).
Instrumentation
In order to ensure consistent data collection and 
analyses, an evaluation instrument was sought. Initially 
the researcher attempted to develop an instrument. When 
further research revealed the Curriculum Materials Analysis 
System for Science (CMAS) (Haussler & Pittman, 1973), 
attempts to create an instrument were abandoned and the
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CMAS was adapted and modified for this research project.
The CMAS was particularly suited to this project for a 
multitude of reasons. Developed during the time period 
under consideration in this study, it was specifically 
designed to evaluate science curricula, either as separate 
pieces or as a whole. It was designed to detect 
discrepancies between proposed features and reality, yet 
"the instrument does not attach any particular standards to 
the worth of any one curriculum or any one part of any 
curriculum; rather, it provides information which can then 
serve as a basis, within any system of standards" (Haussler 
& Pittman, 1973, p. 141). It was designed to be objective, 
adaptable, and easy to use. This instrument was also found 
to be reliable in terms of inter-scorer consistency 
(Haussler & Pittman, 1973).
An important aspect of the CMAS was its focus on 
behavioral elements (see Glossary). These were critical to 
this study in determining if teachers were receiving the 
training necessary to successfully teach secondary science. 
"It must be recognized that, because of the lack of 
formally stated behavioral objectives in most curricula, 
the behaviors analyzed in the CMAS must be inferred as 
'intended' by the developers as expressed in their written 
materials" (Haussler & Pittman, 1973, p. 123). An 
additional attribute of the focus on behavioral elements 
and skills was the fact that researcher bias in analysis
24
could be reduced since these behaviors and skills could be 
promoted in both traditional texts and the reform 
textbooks.
Using the CMAS as a basis, it was modified to include 
portions of the Virginia Department of Education Science 
Textbook Evaluation Instrument. These sections included 
additional process skills, scientific values, and 
definitions of laboratory types. Together these two 
instruments provided the researcher with a convenient yet 
valid and reliable evaluation tool which was flexible 
enough to allow the curricula to speak for themselves in 
revealing what was intended by their authors.
After the evaluation instruments were developed, 
several trial analyses were completed on various textbooks 
(some of each type) to substantiate that differences could 
be detected by the forms and that all the information 
needed was included on the forms. The ecology sections of 
two textbooks, Modern Biology (1965) and BSCS Blue (1963), 
were also analyzed twice over a period of several months to 
ensure consistency in data collection. The two sets of 
evaluations were contrasted and found to be consistent, 
indicating that the evaluations did not change over time 
due to a familiarity with the material or textbook 
approaches.
The final version of the evaluation forms can be found 
in Appendix B. Terms on the evaluation form have been
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defined in Appendix C which also includes examples of text 
passages illustrating these terms.
Data Collection Procedures
Once the textbooks and evaluation forms were 
available, data collection proceeded. Each text was 
analyzed to determine the required student and teacher 
behaviors, skills, and content knowledge as well as other 
pertinent characteristics on the appropriate form for the 
five previously mentioned topics. Pertinent definitions 
were utilized for clarification when necessary as was a 
discussion on Bloom's taxonomy from Falk (1971). This 
information was helpful in classifying question types and 
can be located in Appendix D.
Textbook passages were scored on the following basis. 
If the behaviors or skills were included in the context of 
the textual explanation, they were noted on the evaluation 
form. This included instances where the behavior or skill 
was mentioned or exemplified as well as stressed as an 
activity. If the skill was presented only through reading 
the textbook, then the reading space was checked. If the 
skill was presented through an activity, the space for 
doing was checked.
For example, in Modern Biology (1951) the following 
passage occurs in the section on heredity:
Mendel illustrates the Law of Dominance. His
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next step was to determine what would happen if 
he crossed two plants with contrasting 
characters. Accordingly, he selected one tall 
parent and one short one. He took pollen from 
the tall one and put it on the pistil of the 
short one. When the seeds matured on the short 
plant, he sowed them to find out the results of 
his cross. Would they be short like one parent, 
tall like the other, or of medium height with 
characteristics of both? He discovered that all 
the plants were tall, like the plant from which 
he had taken the pollen in making the cross, (p.
618)
This passage was scored as having the following skills: 
experimenting, designing procedures, classifying, 
identifying and controlling variables, observing, longing 
to know and understand, collecting data, and recognizing 
patterns and relationships. Thus, skills were scored as 
being present in passages regardless of whether or not they 
were explicitly stated or were the intended focus of the 
material.
Laboratory manuals were analyzed for the same skills 
as the textbooks. The apparent purpose of the lab activity 
was determined. This entailed determining whether the lab 
was used to introduce a new concept or reinforce a learned 
concept. It also included ascertaining whether the lab was
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additional, integrated into the unit, or an extension 
activity. Laboratory activities were then classified 
according to their type: confirmation-verification, 
structured inquiry, guided inquiry, or open inquiry (see 
Glossary).
All textbook and laboratory analyses were consolidated 
and the high school data correlated with the content of 
similar chapters in college level biology texts and 
laboratory manuals. Science teacher education methods 
texts were also evaluated to determine how teachers were 
being prepared to teach these topics and skills through 
their college level education coursework. Data from all of 
the analyses were then integrated with information from 
scholarly journals such as the Journal of Research in 
Science Teaching. School Science and Mathematics, and The 
American Biology Teacher, as well as other scholarly, 
professional, and government publications. Results of the 
analyses can be found in chapters four, five, six, and 
seven.
CHAPTER THREE 
Review of the Literature
Purpose
This literature review examines research from a 
variety of academic areas related to science education, 
teacher education and curricular reform. The information 
gleaned should help to clarify the relationship between the 
reforms in science education occurring between 1950-1975 at 
the secondary and higher education levels and describe the 
context in which the reforms occurred.
The literature review consists of research from the 
following categories:
1950-1975
Science education-History 
Biology education-History 
Teacher education 
Science teacher education 
Biology teacher education 
Methods courses 
College science courses 
Curriculum Reform 
Textbooks
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Teacher behavior 
Literature was sought which was germane to the time period 
under consideration in this study. Current literature was 
also reviewed and can be found in chapter eight.
1950-1975
These decades represent a period in our nation's 
history characterized by growth and reform. It was a time 
of expanding frontiers. Socially, there was upheaval and 
unrest related to McCarthyism, the Cold War and the arms 
race with Russia, the Vietnam Conflict, and racial strife. 
Politically, our nation was shocked as President Kennedy, 
Robert Kennedy, and Martin Luther King, Jr. were 
assassinated and our nation became embroiled in struggles 
to prevent the spread of Communism in the world. 
Economically, it was a time of growth and expansion.
In the area of science, space became the next frontier 
conquered, first by Sputnik and later by manned space 
flights. Astronauts walked in space and on the moon. 
Quasars and the Van Allen belts were discovered and 
information was received from satellites that focused on 
distant planets as well as the earth. But science did not 
only look outward; it focused inward as well. New chemical 
elements were discovered and the names of sub-atomic 
particles became everyday words as science forged ahead 
into atomic frontiers. DNA and RNA were discovered and
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synthesized and the genetic code began to be unlocked.
There were new medicines and vaccines to eliminate deadly 
diseases, and new forms of surgery and artificial hearts 
were developed to help prolong lives. Everyday life was 
also further effected by science and its related technology 
through devices like television, H-bombs, hi-fi, stereo, 
computers, velcro, and weather satellites.
The frontiers in education were pushed forward as 
well. New learning theories emerged based upon principles 
of psychology which promoted the development of new 
curricula. The percentage of students going to high school 
nearly doubled between 1950 and 1960 (Hurd, 1970) and by 
1965, 2.63 million out of 3.52 million 17 year olds were 
high school graduates (Grun, 1982). The number of students 
attending colleges and universities also almost doubled and 
campuses were enlarged or new institutions founded to meet 
the increased demand (Kerr, 1982). In 1950, there were
497.000 total degrees conferred with 329,000 males and
103.000 females earning a Bachelor's degree. By 1975, that 
number had climbed to 1,666,000 total degrees conferred 
with 505,000 males and 418,000 females earning a Bachelor's 
degree, as higher education experienced its "Golden Age" 
(U.S. Bureau of the Census, 1992).
Also during these decades there was an increasing 
amount of federal money spent on education. From 1958 
until 1976, the National Science Foundation (NSF) spent
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nearly $750 million on teacher training (Willson & 
Garibaldi, 1976). $13.5 million was spent on course
improvement from 1952 to 1960, but by 1966, $16 million was 
allocated for science course improvement (at all levels) 
for one year (Baez, 1976).
These unique sets of complex circumstances had a 
profound effect upon the nation, everyday lifestyles, and 
thinking patterns— effects which are still being 
experienced.
Science Education-History
The history of science education in this country can 
be traced backed to 1635 and the Latin Grammar School.
With the beginning of the Academy movement in 1751, science 
instruction became more organized and gained a permanent 
place within the curriculum. The place of science in the 
curriculum in each period of American educational history 
has been traced by Lacey (1966), while Richardson, 
Williamson, and Stotler (1968) discuss its European roots 
back to the 1500's. DeBoer (1991) expounds on the history 
of ideas in science education which, when combined with the 
other works, gives a firm foundation for the understanding 
of the historical, philosophical, and curricular roots of 
science.
Some of these earlier roots were discernible in the 
time period encompassed by this project. Francis Bacon
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(1561-1626) tried to reform science by advocating the use 
of "a knowledge of science and its processes in teaching" 
(Richardson, Williamson & Stotler, 1968, p. 160). He also 
devised the inductive method for studying science. Huxley 
(1825-1895) advocated the use of hands-on investigation in 
science teaching as did Agassiz (1807-1873). But most 
authors agree that the primary method for learning science 
was memorization which lead Francis Weyland, president of 
Brown University, to decry:
the fact that more and more students were entering the 
university 'knowing the nomenclature of chemistry, but 
naught of chemistry' back in 1850! The learning of 
chemistry in 1950 had the same characteristics.
Science teachers for literally centuries have been 
requiring pupils to learn the names of things by rote: 
the chemical elements, the parts of a frog, the 
planets in sequence from the sun, the classes of 
levers and so on. (Hurd, 1970, p. 55)
More recent curricular roots also emerged. Fowler 
(1964) notes that some of the ideas on teaching prevalent 
in the 1930's and 1940's were prominent in the curriculum 
of the 1960's. This includes a focus on problem-solving, 
principles and concepts, and student-centered instruction.
In their analysis of the history of science education, 
Sund and Trowbridge (1967) point out that science curricula 
changed only as the result of the external forces of a
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changing school population, or a national emergency. This 
was no exception for the years encompassed in this study, 
which have been termed by Yager (1981) as the Golden Years 
for science education. The national emergency precipitated 
by the launching of Sputnik spurred reform in not only 
content and materials but in improved teaching methods and 
discussions on how science is best learned; all of which 
have roots in the history of past debates.
Biology Education-Historv
Biology is a relatively new science which dates to the 
turn of this century. It is a hybrid of three courses, 
botany, zoology, and physiology, all of which were taught 
to develop observation, thinking and recall or "mental 
discipline" as it was commonly called (Fowler, 1964). Hurd 
(1961), in his work entitled Biological Education in 
American Secondary Schools 1890-1960. details the changes 
that have affected biology over this past century. By 
analyzing committee reports and scholarly research studies, 
he has documented the metamorphosis of the discipline. He 
notes that while calls for reform have surfaced at various 
times over the century, much has remained the same in 
biology teaching. Many courses continued to have the same 
structure and purpose as was prevalent at the beginning of 
the 1900's. Many of the same teaching methods were also 
used. Teachers continued to present high school biology as
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a diluted version of their college courses which included 
similar types of illustrative laboratory activities. By 
1940, calls for reform began to suggest that a focus on 
process skills and true experimentation was needed so that 
students would not be so dependent upon the authority of 
the teacher and textbook. Hurd notes that while changes 
have been made in biology education, they have often come 
very slowly, and some needed reforms have yet to 
materialize.
Teacher Education
History also records as one of its debates the need 
for reform in teacher education. Richardson, Williamson, 
and Stotler (1968) note that "Insight into the need to re­
educate the teachers as a prior condition for the 
improvement of school programs for children existed 
hundreds of years ago" (p. 160). Between 1945-1955, "Blame 
for the inadequacy of our teaching of high school science 
and mathematics" belonged "with . . . the American colleges 
and universities, which have failed to prepare prospective 
teachers for the kind of teaching they should do" (Lacey, 
1966, p. 16).
Harry Judge in his book American Graduate Schools of 
Education (1982) explains that the problem with teacher 
education is the lack of a coherent view of what teacher 
education should be and how this purpose can best be
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accomplished. He observes that training is contained 
within the context of the liberal education of the 
undergraduate through various unrelated fragments.
Academic departments are responsible for training students 
in a subject matter specialty-the depth component of a 
degree. The breadth portion is supplied by a variety of 
departments, especially in the case of courses related to 
the discipline of education. Methods classes and student 
teaching, the professional components, are often under the 
control of yet another department or section of the 
institution. As Hurd (1962) has stated, "Teacher education 
is an all-university function" (p. 329). Yet, many times 
reform is neglected because so many people play a role in 
the education of a teacher that no one holds the ultimate 
respons ibi1ity.
Teacher education is also complicated by another 
factor. It is a paradox. Teachers must be prepared for 
the future and still be able to perform within institutions 
as they currently exist (Joyce, 1972). The National 
Association of State Directors of Teacher Education and 
Certification and AAAS (1971) found that teacher education 
programs "have typically been derived from the existing 
school curriculum. As a result, teachers are prepared to 
teach what is already being questioned in the light of 
current educational insights and research" (p. 1). The 
problem lies in the fact that teacher education programs
are conservative in nature and therefore while change is 
advocated, it usually is not implemented (H. Grobman,
1970). So it is critical that educational institutions 
know what curricular reforms teachers should be prepared to 
teach (Hurd, 1962). Burnett (1963) agrees with this and 
believes that teacher education should be focused on 
specific curriculum of the lower schools. His definition 
of curriculum includes "texts, laboratory guides, teacher 
manuals, laboratory equipment, audio-visual aids, tests, 
and the like" (p. 69). This type of teacher training 
program is essential for "realizing significant planned 
educational change" (Zoller & Watson, 1974, p. 94).
Science Teacher Education
Science teachers are trained through teacher education 
programs. This has been found to be unsatisfactory by 
Richardson, Williamson, and Stotler (1968). They believe 
that "the need for in-service education of science teachers 
is based, in part, on the fact that the preparation for 
teaching at the pre-service level is minimal" (p. 94). The 
National Science Teachers Association (NSTA) recommends a 
minimum of 50 semester hours in science content for 
secondary education science teachers. Darling-Hammond and 
Hudson (1990) found that biology teachers are more likely 
than other science teachers to meet these NSTA 
recommendations in their specialization. Yet the contents
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and teaching methods of these college courses have little 
relevance to science teachers as far as modelling the 
teaching behaviors desired by the reformers.
All too frequently little emphasis is placed on 
building, for the student, a structure of science 
using methods of inquiry and investigations or by 
applying other accepted processes of science. In 
many instances emphasis is placed on rote 
memorization of isolated factual minutia in a 
narrow field without concern for its place or 
importance in the total science picture.
(Williamson, 1969, p. 79)
That is why Zoller and Watson (1974) recommend that 
teachers "should have the same experiences as expected for 
his potential students in the framework of any intended 
curriculum" (p. 97).
The new science curricula developed between 1950-1975, 
presented a challenge to science teacher education because 
the new objectives, content, and methods revealed 
weaknesses in the available courses.
Prospective science teachers who are expected to 
use inquiry and investigations, direct research 
on problems of interest, and make full 
utilization of the processes of science will too 
frequently find little in their undergraduate 
courses to prepare them for such an assignment.
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(Williamson, 1969, p. 78)
This discrepancy lead Marshall and Burkman (1966) to point 
out the need for teacher education courses to make the 
connection between college courses and teaching 
performance. Yet, Helgeson, Blosser, and Howe (1977), in 
their study on science education between 1955 and 1975, 
found that "changes in science education courses and 
materials for the elementary and secondary school levels 
appear to have made little, if any, impact on college 
course requirements" (p. 50).
Hulda Grobman (1966) makes the salient point that: 
research on behavioral change indicates that most 
people do not change behavior simply because they 
are lectured at. Yet many professors still 
lecture on the importance of teaching science as 
inquiry and encouraging creative discussions and 
problem-solving activity. The idea underlying 
their procedure is to 'do as I say, not as I do.'
The potential teacher may intellectually 
accept these dicta, but . . . he is operationally 
unacquainted with teaching science as inquiry.
He simply does not have the necessary knowhow to 
do what he would like to do and has been told he 
should do. (p. 164)
Winter (1965) believes that prospective teachers 
should be led toward developing a teaching style that
39
focuses on concepts and principles rather than 
memorization. He states that "It is vital that he be 
taught as he is expected to teach, i.e., to build the 
conception of science and science teaching which he will 
transmit to the next generations of high school students" 
(p. 105). Williamson (1969) agrees and adds that, "If the 
spirit of science is not caught by the prospective teachers 
in their preservice science courses, it is unlikely that 
the teacher will communicate this spirit to his pupils" (p. 
79) .
But too often in preservice programs there is little 
opportunity for a prospective teacher to experience science 
as inquiry and develop the necessary skills and 
competencies for teaching science in this manner. This is 
often due to a lack of resources and equipment and the 
concentration on covering material instead of focusing on 
process skills (Schlessinger, 1965). These deficiencies 
may also be due to the lack of "a formal program for the 
preparation of these teachers" (Newton & Watson, 1968, p.
4). Newton and Watson (1968) in their monumental work, The 
Research on Science Education Survey (the ROSES report), 
found that some of the 992 institutions they surveyed did 
not have:
a specified program for the prospective science 
teacher, and/or designated advisors for science 
education. For example, some colleges and
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universities have almost no formal provisions for 
the 'processing' of prospective science teachers, 
yet report a half-dozen or so graduates in 
science teaching, (p. 4)
Biology Teacher Education
Hurd (1962) elaborates upon this thought in regards to 
biology teacher education. He states that:
there is a biology major in most colleges and 
universities; if one pursues it for two years, he 
is a technician; for four years, he is a teacher; 
and for seven or eight years, he is a researcher.
The sequence is the same for all, only time 
identifies the career choice. The special 
demands upon the discipline for the teaching of 
high school biology are seldom recognized, (p.
327)
This was confirmed by Reynolds (1964) in A Survey on 
Undergraduate Biological Science Teaching in Universities 
of the United States. He found that among the institutions 
that participated in a conference that the core program for 
biology teachers did not differ much from that of biology 
majors. Reformers in biology during 1950-1975 were aware 
of this fact and sought to modify teacher education.
Arnold Grobman (1969) noted that due to the success of BSCS 
in schools:
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it became incumbent upon the BSCS to involve 
itself in the preparation of pre-service 
materials because of the general paucity of such 
materials other than the Biology Teachers'
Handbook. If these materials were not prepared 
expeditiously, a good deal of the work of the 
BSCS would be rendered ineffective, (p. 55)
Although BSCS, due to financial constraints, had to cancel 
work on a film project dealing with teacher education, they 
did develop materials for persons responsible for teacher 
training which could be utilized within the existing 
courses. BSCS then confined their pre-service training 
efforts to working with the individuals in higher education 
who were responsible for teacher training (H. Grobman,
1970). In the special BSCS publication entitled New 
Materials and Techniques in the Preparation of High School 
Biology Teachers (Peterson, 1969), the philosophy of 
teaching by inquiry is explained to the teachers of 
teachers and information on how this can be implemented in 
the classroom is included. The BSCS also chose to 
cooperate with the Committee for Undergraduate Education in 
the Biological Science (CUEBS) whose primary interest was 
in the improvement of undergraduate biology education, 
which included preservice teacher education.
Unfortunately, the work of CUEBS "had little impact on the 
instructional programs in the colleges" (A. Grobman, 1969,
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p. 277). Lee (1967) believes that this is due to the fact 
that subject-matter preparation is accomplished in science 
departments, few of which were willing to allot time to 
anything other than their prescribed programs (as 
previously described by Hurd). He found also that if they 
were willing to allow a course in new science curricular 
materials there was often no one qualified or interested in 
teaching it. That is why the AAAS Cooperative Committee on 
Science teaching (1946) stated that "progress will be made 
in the preparation of science teachers only if the science 
departments consider that this preparation is one of their 
major functions and treat it as such" (p. Ill). They also 
urged that the science and education departments 
collaborate on the development of effective teacher 
education programs.
Methods Courses
This raises the question of how teachers can be 
prepared to teach. One avenue available for training is 
the methods course. This course is important because it 
links educational theory to practice and promotes the 
integration of content with teaching methods in a format 
that relates to the daily work of the classroom teacher.
The National Commission for Excellence in Teacher Education 
(1985) states that:
every teacher should have a strong background in
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professional education, because knowledge of the 
subject is of little consequence if the teacher 
cannot convey that knowledge and help students 
learn at a rate and level commensurate with their 
age and development, (p. 17)
To accomplish this, teachers "need special knowledge in 
understanding how students learn concepts in a subject and 
what to do if students have problems learning the material" 
(p. 17). The Commission recognizes the need for teachers 
to understand how to select and present content and 
concepts, how to recognize the kinds of errors or 
difficulties students experience, how to use the variety of 
strategies and materials available to them, and how to 
observe and analyze student performance. All of these 
topics should be covered in a methods course along with 
process skills.
Lightner (1968) adds that "teaching methods courses 
and science education courses should provide opportunities 
for the student to investigate new curricula, new 
laboratory techniques, and other innovative approaches to 
teaching" (p. 258). In Guidelines for Preparation Programs 
of Teachers of Secondary School Science and Mathematics, 
the National Association of State Directors of Teacher 
Education Certification and AAAS (1961) recommend that 
courses on methods include skills and techniques for 
laboratory, demonstrations, planning experiments, and field
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work which are particularly suited for high school level. 
They also advocate that prospective teachers be prepared to 
teach innovative curricula and traditional curricula 
through their methods courses.
Yet Helgeson, Blosser and Howe (1977) found that while 
it is assumed that students will be exposed to scientific 
processes and the inquiry approach to teaching in their 
methods classes, not all state brochures required a methods 
course for a baccalaureate degree in teaching. This was 
confirmed by Newton and Watson (1968) who found that some 
of the institutions they surveyed did not have a specific 
methods course for science teachers. They also noted that 
when a methods course was available, students commented 
"that the instructor talked a lot about the inquiry method, 
but never made use of it in the methods classroom" (p.
110). The ROSES report (Newton & Watson, 1968) also states 
that students sensed this disparity and while students 
mention that they would expect an instructor to look for 
the quality of inquiry teaching, the students were not 
enthusiastic about teaching the "new" courses which 
utilized this approach. Thus:
it seems that many of our pitfalls in educating 
teachers stem from the facts that we, science 
educators, do not practice what we preach. We 
say that people do not learn until they want to, 
and until they go through the experience
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themselves, and in our science methods courses we 
violate those principles. Many of us teach those 
courses in a very traditional way and anticipate 
our students will use the modern principles of 
learning when they teach. In this we are really 
naive. (Boulos, 1970, p. 144)
What is revealed in the ROSES Report (Newton & Watson, 
1968) is a teaching technique used by methods instructors 
which focused on lecture, discussion, and question and 
answer periods, techniques that are commonly encountered at 
the high school level. Newton and Watson (1968) "note the 
close parallel between how high school teachers teach and 
how they were taught in their methods courses" (p. 74).
Although the inquiry approach was not utilized as a 
teaching methodology in methods classes, it appears that 
the "new" secondary science courses being developed were 
covered in methods classes. Newton and Watson (1968) found 
that:
although close to 70% of the methods courses 
study BSCS biology curricula, only about 30% of 
the instructors report studying the course 
'intensively'. . . attention given to the new 
courses would have to be described as 
'introductory' or 'descriptive' rather than 
'preparation for teaching', (p. 62)
Therefore, classroom instruction in a methods course
provided knowledge acquisition about various curricula and 
the inquiry approach, but that knowledge was superficial at 
best. Koran (1969) states that the teaching behaviors 
necessary to teach the curricula were not usually acquired. 
Yet in a study with preservice elementary teachers 
conducted by W. Brown (1977), it was determined that a 
methods course which stressed inquiry methods of teaching 
and hands-on learning was "statistically effective in 
teaching the processes of science to preservice elementary 
teachers" (p. 86). W. Brown comments:
if inservice teachers are to be held accountable 
for identifying and teaching a process component 
of science, then they should be provided with the 
skills necessary to execute this task. A way of 
attaining these skills is via the preservice 
mode. (1977, p. 87)
College Science Courses
The inquiry approach to teaching science is not only 
to be gained from a methods course. It can also be 
acquired through college science courses. Many authors 
describe the typical college biology course in their 
writings. Reynolds (1964) describes introductory college 
biology as a one year long course which consists of two to 
three hours per week of lecture. Lab work demonstrates the 
principles discussed in lecture with very little true
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experimentation. The courses are characterized as:
poorly organized and lacking in the philosophy of 
modern science. These courses often consist 
largely of a series of unrelated topics . . . 
followed by exercises in which the student is 
asked to reproduce, almost on a word-for-word 
basis, the information he has learned. (Marshall 
& Burkman, 1966, pp. 106-107)
Schlessinger (1965) also notes the lack of exposure to 
process skills. Hutto (1967) found that the courses varied 
little from courses offered 30 years previously since they 
were still oriented to taxonomy and anatomy, description 
and accumulation of facts. This is due to the fact that 
courses are generally structured after the needs of the 
discipline (Mayer, 1978) and not future teachers. Hurd
(1962) notes that teachers are expected to teach a coherent 
course in biology, "yet he is quite likely to be the very 
one who has never experienced such a course at the college 
level" (p. 329). This is in spite of numerous calls for 
reform over many decades for courses in biology 
specifically designed for prospective teachers (Hurd,
1961). Reforms in these preservice classes were critical 
in preparing teachers to institute change on the high 
school level for the time period encompassed in this study.
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Curriculum reform
How then is reform instituted? Gatewood and Obourn
(1963) cite eight steps which constitute science curricular 
reform. It requires: Leadership from all segments
concerned with education, an examination of content and 
methods, an emphasis on inquiry, nonverification laboratory 
exercises, a reflection of the structure of the discipline, 
topics presentation which is determined by subject 
specialists and learning theorists, cooperation on 
curricula development from various groups, and classroom 
trials are essential. Haney (1966) expands on these steps 
in terms of the curriculum development projects which were 
prevalent during the late 1950's and early 1960's by 
delineating steps which include the procurement of funding, 
planning and writing conferences, and an evaluation stage. 
Driver (1988) adds that the reform cycle must contain a 
component of teacher development.
These models of reform can be seen in the discussions 
of the development of the BSCS curricula by Arnold Grobman
(1969) and Hulda Grobman (1970). Each of these authors 
cite in detail the processes and decisions that went into 
the development of BSCS materials as they progressed 
through the myriad of steps in the reform process. The in- 
depth analysis of all the facets of the development process 
of BSCS increases appreciation for the reform process, the 
curriculum, and the people involved in changing biology
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education between 1950-1975.
One aspect of curriculum reform mentioned in these 
models was that of cooperation and collaboration between 
various groups interested in educational change. Certainly 
in the case of the development of BSCS materials this is 
evident. Schwab (1963) notes that:
teachers have come out of the schools; educators have 
come out of colleges and universities; scientists have 
come out of their laboratories; the three groups 
together have begun to learn how to communicate and 
collaborate in producing better materials for our 
schools, (p. 7).
It has been noted that while a diverse group of individuals 
collaborated on curricular reform, many were outside the 
realm of professional education (FitzGerald, 1979). DeBoer 
(1991) mentions that most input came from educational 
theorists and psychologists and that education faculty 
played a secondary role in the reforms, if they were 
involved at all.
This may explain the lack of cooperation between the 
various sectors of the educational enterprise in particular 
aspects of the reform process. For example, The Science 
Education Programs of the National Science Foundation 
documents that there needed to be "closer coordination 
. . . between public school and university personnel in 
implementing and adapting these curricula in order to reap
their full benefit" (Subcommittee, 1975, p. 67). It can 
also be detected in the area of teacher education and 
curricular reform. Lacey (1966) stresses that college and 
university departments of science and education needed to 
cooperate to improve teacher education. The AAAS 
Cooperative Committee on Science Teaching (1946) was 
convinced that progress would be made in science teacher 
preparation only if science departments considered this a 
major departmental function. They recommended that the 
program "be worked out cooperatively by the science 
departments and the department of education. Such 
collaboration will result in a better solution of the 
problems of student teaching and of courses in methods of 
teaching" (p. Ill), and subject matter preparation of 
teachers (Richardson, 1960). But years later, Hutto (1967) 
still recognized a "conspicuous 'cooperation gap' between 
biology departments and education departments" (p. 363).
So while it is apparent that there was cooperation and 
collaboration on the development of the materials, it 
appears that cooperation and collaboration did not permeate 
all aspects and levels of biology education.
Textbooks
Among the materials generated by the reform movement 
were textbooks. The reformers chose to accept the 
convention of written materials (H. Grobman, 1970) because
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textbooks are the "principal tool of instruction"
(Dessauer, 1989) with the role of defining the curriculum 
(Westbury, 1990). This was also due to the realization 
that "most teachers are guided quite closely by the 
textbooks" (Lee, 1967).
Biology teachers are no exception. Schuyler (1967) 
notes:
like it or not our high school biology courses are 
textbook dominated. Ask a high school biology teacher 
what he or she is doing this year and the answer will 
usually be one of the BSCS versions, Otto and Towle 
. . . Seldom will you get the answer that we are 
stressing human ecology or native flora and life zones 
or microbiology. The text provides the skeleton and 
schedule for the course; the teacher puts on the flesh 
as best he can. (p. 378)
Alvermann and Hinchman (1991) confirmed this in a case 
study involving a tenth grade biology teacher. The teacher 
used the textbook extensively for structuring the class, 
reinforcing lectures, and referencing laboratory 
observations. And Fowler (1964) has observed that "the 
secondary school biology course in the United States is 
dictated by the pattern of organization and the content of 
the texts available" (p. 29). This led A. Grobman (1969) 
to comment that "for all intents and purposes, as far as 
textbooks are concerned, we had a national curriculum in
high school biology in the early 1960's" (p. 68-69).
For many years the leading high school biology text 
was Modern Biology. Fowler (1964) describes the text as 
follows:
The text appears to combine, rather naturally, 
the systematic approach with the approach as 
described for the principles course. The book 
gives the beginner an opportunity to study a 
complete organism, be it plant or animal, by 
describing this organism as a distinct entity. 
However, since the organism is studied as a unit, 
its organs and systems relate to the function of 
the total organism. Life processes are also 
described in their relationship to the function 
of the total organism. At the same time, this 
text emphasizes the systematic study of plant and 
animal groups, which helps to substantiate the 
contention that a study of life, as the study of 
any living form can be used to demonstrate the 
relationship of all living things. Also, this 
approach helps the student to understand that 
living things have developed through various 
stages of complexity and that, as a result, there 
is a great variety of organisms which 
collectively constitute the living world. The 
inductive approach is used to develop biological
53
principles. A study of structure, function,
behavior, and adaptations of living things helps
the student understand interrelations among
living things, (p. 27)
But an examination of this text led the National 
Science Foundation (1970) to note that the text did not 
include topics such as population genetics and ecology—  
topics considered necessary to an understanding of biology. 
The text was also seen as centering on vocabulary 
memorization and recitation with an inadequate treatment of 
the scientific method (Mayer, 1967).
The BSCS materials developed by reformers are in sharp 
contrast to the Modern Biology standard. The content was 
updated and organized around themes which was a deviation 
from the presentation in traditional texts. The courses 
were developed with the following common themes:
1. evolution
2. diversity and unity
3. genetic continuity
4. complementarity of organism and environment
5. biological roots of behavior
6. complementarity of structure and function
7. regulation and homeostasis
8. intellectual history of biological concepts
9. science as inquiry (Lacey, 1966, p. 43)
Novak (1970) points out that these themes "have been
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prominent in biology for several decades, and they are 
likely to be almost equally valid in 1980 or 1990" (p.
102). These themes are discussed on the following levels 
of organization throughout the text: "Molecular, cellular,
organ and tissue, individual organism, population, 
community and world biome" (Reynolds, 1964, p. 15). It was 
through these themes and levels of organization that the 
reformers desired to convey man's place in nature, the 
biological basis of societal problems, and promote an 
appreciation for nature (Hurd, 1970).
One of the themes, science as inquiry, signified a 
definite departure from traditional biology texts.
Reynolds (1964) notes that this concept promoted the 
statement of uncertainty and incomplete knowledge, and a 
presentation of topics in a logical fashion with detailed 
explanations of experiments, data and interpretations. It 
also prompted a change in laboratory exercises. He notes 
that "not only traditional illustrative laboratory 
experiments are used but also those which involve 
investigation. with the seeking of answers not in the text" 
(p. 17). This along with the innovations of the laboratory 
block and Invitations to Inquiry (see Glossary) expanded 
the theme of science as inquiry and caused it to permeate 
the course.
But in his evaluation of BSCS, Ausubel (1966) asserts 
that not all of the changes made by BSCS were good. He
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maintains that the versions are "psychologically and 
pedagogically unsound for the majority of tenth-graders"
(p. 176). He believes that BSCS "overcorrected" some of 
the problems with traditional biology in such a way as to 
make the texts "unlearnable" and "below the standard of the 
typical conventional text" (pp. 176-177).
In spite of objections to BSCS, the innovations were 
accepted in many public and private schools across the 
country (Hutto, 1967). They prompted a change not only in 
the classroom but also in the publishing industry.
Schuyler (1967) documents that:
almost every publisher jumped on the BSCS bandwagon to 
produce a new text or a revision of an old one that 
claimed to incorporate all of the benefits of the work 
of BSCS and still retain all of the benefits of the 
homely virtues of the old. (p. 379)
Suzanne Quick studied how three innovations were 
incorporated into commercial texts and found that the 1965 
edition of Modern Biology contained the greatest number of 
changes consistent with the BSCS philosophy. This was 
after Holt altered its publication schedule and released a 
1963 edition which coincided with the release of BSCS's 
first editions (DeBoer, 1991). But Schuyler (1967) 
explains that "these are designed to be comfortable texts 
that will reassure the older teacher who wants no change 
and yet satisfy the administrator and young teacher who
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wants to be up to date" (p. 379). Yet the influence of 
BSCS was not only confined to biology texts. FitzGerald 
(1979) found that the emphasis on the scientific method and 
inquiry spilled over into social science textbooks 
published during the same time period.
In spite of the impact BSCS had on textbooks and the 
publishing industry, the reformers realized that "merely 
providing new curricular materials, however good they may 
be, will not necessarily result in improved biology 
teaching in the secondary schools. It may facilitate 
improved teaching, but the teacher remains the key" (Lee, 
1967, p. 35).
Teacher Behavior
The reformers of biology education knew that "the 
success or failure of any instructional program ultimately 
depends upon the classroom teacher" (Lee, 1967, p. 41).
They also knew that the programs they were recommending 
required teachers to change their approach to teaching to 
accomplish the objectives of the new courses (Lee, 1967, p. 
41). A teaching style compatible with the goals and 
philosophy of the curricula had to be adopted (Mayer,
1978). Teachers needed to change their teaching style from 
being an dispenser of information to that of a resource 
person and facilitator of learning (Roberts & Blankenship, 
1970). Teachers also were required to use inquiry
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strategies (Lazarowitz & Lee, 1976). These changes in 
teaching were essential for successful implementation of 
the reform curricula (Orgren, 1977).
Yet studies showed that there were variations in the 
implementation of inquiry strategies which were dependent 
upon how effectively the teacher had translated theory into 
his philosophy and practice (Lazarowitz & Lee, 1976).
Barnes found that "the mere use of inquiry curriculum 
material did not assure a positive change in teachers' 
philosophy toward inquiry teaching or the use of inquiry 
strategies" (Lazarowitz, 1976, p. 547). Therefore, the 
"major role in the actual implementation of inquiry 
strategies is played by the teachers' personal 
interpretation of new curricula" (Lazarowitz, 1976, p.
547). Reformers were working on the "tacit assumption that 
if there is a teacher's manual accompanying the materials, 
or if teachers attend some kind of institute in the subject 
area, classroom handling of the materials will be 
implemented in a reasonably satisfactory manner" (H. 
Grobman, 1970, p. 207). Yet Koran (1970) states that 
research suggests "that as many as two-thirds of the 
teachers using the textbooks of the new curricula are not 
teaching the courses in the mode envisioned by the authors" 
(p. 11). Brandwein (1969) observed that around 80% of the 
biology teachers lecture 80% of the time. He also found 
that laboratory "experiments" were not experiments but
exercises. Baker (1973) found that lecture-discussion, 
group and individual lab instruction were the most commonly 
used activities. Mayer (1978) adds exams, dissection and 
workbooks to the list. Consequently, Granger and Yager
(1970) found that the BSCS texts were used on a continuum 
from "highly traditional approaches to those aligned with 
the philosophy for which they were intended" (p. 385). And 
Lazarowitz (1976) notes that "neither the use of new 
programs nor the length of time they are used assure proper 
interpretation of the inquiry approach advocated by the 
programs" (p. 550).
In contrast to this research, Kochendorfer found that 
the teaching practices of experienced BSCS teachers did 
conform to the expectations of the reformers. He also 
noted that beginning BSCS teachers showed a degree of 
conformity to practices advocated by BSCS with non-BSCS 
teachers showing the least degree of conformity. He 
concludes that BSCS has made an impact on biology teaching 
practices but that some teachers have been using these 
practices for years (Lee, 1967). This points out the fact 
that there is the presumption "that a traditional course 
description also implies some mythical 'traditional 
procedure'" (p. 62) which is not necessarily the case. In 
fact, Stodolsky (1989) found that "teachers used more 
leeway in their teaching techniques and strategies when a 
standard textbook was adopted than when faced with an
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innovative program" (p. 180). It appears that the key to 
success is matching the curriculum to a particular 
teacher's style. Schirner discovered that "any given 
students will achieve more in a traditional course with a 
traditionally oriented teacher than he would have if the 
traditional teacher had taught a new course" (Ramsey &
Howe, 1969, p. 68). In fact, he found "a lowering of 
student achievement may be expected if a teacher with 
traditional beliefs is forced to teach a modern course" (p. 
66). Therefore, he states that "new courses can only be 
successful if the teacher is adequately prepared and 
philosophically oriented to teach the course" (p. 68).
Conclusions
There is one factor, however, which perhaps 
overrides all others, not only from the point of 
view of the differences which should be expected 
in students, but more importantly, in terms of 
the success or failure of the curricular 
innovations in science. This is the problem of 
who teaches the science and how it is taught.
Although new kinds of textbooks, carefully 
contrived educational films, and unique 
laboratory experiences are important elements in 
the science program, the science teacher still 
serves as the interpreter of these things to the
student and is at the center of the teaching- 
learning situation. Only if his interpretation 
reflects the philosophy of the course developers 
is it reasonable to say that the student has 
'taken' the new course. If it differs sharply 
from the philosophy which guided the developers, 
one can say only that the student has enrolled 
for a given course— and perhaps received credit 
for it. He may well not have learned what the 
textbook and other aids to learning were intended 
to help him learn.
Thus one hypothesis put forth to explain the 
unexpectedly small differences which have been 
detected in students in the new courses in 
science and students in traditional courses is 
that some of those who purport to teach the new 
courses actually do not do so at all. Much of 
the difficulty which some teachers experience in 
translating the new programs into effective 
classroom instruction can be traced directly to 
the kinds of teacher training programs which they 
have undergone. Few present-day science teachers 
receive as part of their education for teaching 
the kind of experience which the new programs 
call for. Unless appropriate patterns can be 
developed for the retraining of the existing
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corps of teachers, and more importantly, for the 
training of a new generation of teachers, the 
present curriculum efforts and any which are 
attempted in the future will fall far short of
their potential. (Marshall & Burkman, 1966, pp.
82-83)
This rather lengthy quotation is a fitting conclusion 
to the Literature Review, because it succinctly points out
the interdependence of reforms on the secondary level with
those on the higher education level through its integration 
of all of the various aspects necessary for reform: 
teacher behavior, textbooks, and teacher education.
Changing teacher behavior was definitely a major 
objective of the post-Sputnik science curriculum reform 
movement (Orgren, 1977). With the advent of innovative 
curricula, teachers were faced with the demand of having 
not only the best possible teaching materials but also 
needing the best possible subject knowledge (Sund & 
Trowbridge, 1967). What and how teachers had been taught 
in many ways determined their responses to pressures in the 
classroom (Kolb, 1969). Sund and Trowbridge (1967) found 
that "a teacher whose own education has been dogmatic and 
doctrinaire will be unprepared to teach science as inquiry" 
(p. 38). Rowe and DeTure (1975) confirm this and state 
that "dogmatic people find modern science programs with 
their emphasis on inquiry processes difficult" (p. 27).
Perhaps this is why most teachers were more 
comfortable with textbooks. Faced with inadequate or 
outmoded teacher preparation, they were too insecure to 
venture into the type of learning that was required in the 
new curricula. Therefore, proper training in both subject 
matter and teaching skills is necessary for teachers to 
successfully implement new curriculum. Thus, 11 if 
fundamental and long-term improvement in school science 
instruction is to be brought about, it is probable that 
weaknesses and deficiencies must first be overcome in the 
training of science teachers" (Rutherford, 1963, p. 104).'
Implications
The training of science teachers as portrayed in the 
literature suggests that teachers were deficient in several 
areas crucial to the implementation of the reform 
curriculum. These areas reflect not only subject content 
but also teaching skills. The data generated by this study 
seeks to discover how the subject content and skills were 
being presented to the prospective teachers through their 
college texts. For example, if teachers were receiving 
training that was dogmatic and outmoded, then this should 
be evident in the data. If teachers were not adequately 
taught a topic area, such as ecology, this too should be 
evident from the data generated from their textbooks.
The data should also indicate how reform was
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coordinated between the sectors of education through a 
comparison of the various skills and topics presented in 
the textbooks. If the reforms were prevalent on the 
secondary level before they appeared on the higher 
education level, then teachers would be at an obvious 
disadvantage in teaching the material, and the reforms on 
the secondary level would not be successful. Thus, data 
should clarify the relationship between the two sectors 
that was suggested in the literature.
The results of this study can be found in subsequent 
chapters. Chapter four will discuss the textbooks of the 
1950's, chapter five will cover the 1960's, chapter six 
will analyze the 1970's, and chapter seven will discuss the 
trends and changes that occurred in the texts over time.
CHAPTER FOUR 
The 1950's
The analysis of data is organized according to the 
types of textbooks (secondary biology, college biology, and 
teacher education methods) and the five topics being 
evaluated (scientific method, classification, amphibians, 
heredity, and ecology). The significant results of the 
study are presented in narrative form. Complete results 
for each type of textbook are found at the end of each 
chapter in tabular form. Definitions of the terms found on 
the textbook evaluation forms are found in Appendix C. 
Examples of textbook quotes which exemplify all of the 
terms on the data collection forms are also found in 
Appendix C. A discussion of Bloom's taxonomy is included 
in Appendix D. The reader is encouraged to read these two 
appendices at this point to gain the background information 
necessary for understanding the results.
Several devices were utilized to aid the reader in 
understanding the presentation of the data. Categories of 
skills which were analyzed are printed in boldface type.
An example would be the category of orientation to science. 
This section lists characteristics and skills which relate
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to attitudes and values— characteristics which portray a 
mindset— which students could acquire through their study 
of biology. The actual characteristics (henceforth called 
skills) will be found in italics. For example, the skill, 
longing to know and understand, could be gained by students 
as they acquired an orientation to science. The level of 
Bloom's taxonomy at which the skill was presented is 
denoted by CAPITAL LETTERS.
A number of results were the same in all of the 
textbooks analyzed (regardless of the type of textbook or 
publication date). Students were consistently required to 
work with a body of knowledge that was in an abstract form 
that utilized symbols and words. Material in the texts 
progressed from a simple to complex manner as advocated by 
Hurd (1961). All texts concentrated on the transmission of 
facts, and therefore, these characteristics will not be 
discussed further in the narrative.
Secondary Education Textbooks
Two editions of Modern Biology were analyzed in order 
to develop a baseline for reform and innovation on the 
secondary level. The texts were published by Holt in 1951 
and 1956 before the reforms in biology education began to 
be instituted. The 1956 edition was revised in terms of 
wording and explanation of material in some sections but 
remained identical in others. A copy of the complete
results can be found in Table 1 on pages 100-102.
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Scientific Method.
An understanding of the methods of science was and is 
critical to the study of science. Both texts introduced 
the scientific method through an introduction but the 1951 
edition also added an historical perspective by discussing 
pioneers of the methods of science such as Hippocrates and 
Vesalius. The books stated there "is no single method of 
science" (1951, p. 9) and separated the methods of science 
into two distinct types: the technical method and the 
research method. The methods were defined and the 
component steps discussed. The methods were then set up as 
models for future laboratory work although the technical 
method was declared to be the method that would be in 
predominant use during the courses.
The technical method was defined as being the most 
widely used method in science. A scientist using this 
method was "not working hard toward a new discovery. Nor 
is he trying a new procedure. Instead, he is making an 
extremely accurate check" (1956, p. 6). The method was 
described as having three steps:
1. Follow an outlined procedure carefully.
2. Make accurate observations.
3. Record and report all findings (1956, p. 6).
The following steps were enumerated as part of the
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research method usually performed by scientists:
1. Recognizing and defining a problem
2. Collecting information related to the problem
3. Forming an idea or hypothesis
4. Experimenting to prove or disprove the hypothesis
5. Observing the experiment
6. Organizing and recording data from the experiment
7. Drawing conclusions (1951, p. 10)
These steps are most commonly known as the scientific 
method. When that term is used in the remainder of this 
study, it will refer to these steps. Bybee (1977) relates 
these steps to Dewey's aim of reflective thinking which was 
still evident in texts through this presentation of the 
scientific method. (The term, methods of science, will 
refer to alternate scientific methods which may be used to 
solve a scientific problem.)
Both texts utilized photographs to aid students in 
learning the scientific method. An interesting aspect of 
the use of photos was the captions. Often they included 
questions which caused students to interpret the photograph 
in light of what they were learning. For example, on page 
9 of the 1951 edition there was a picture of two men in a 
chemical laboratory. The caption read, "Scientists in this 
laboratory are testing certain substances. Are they using 
the technical or the research method?". On page 11 of the 
same text a caption under a picture of children gardening
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asked, "Why is a knowledge of biology necessary to be a 
successful gardener?" This illustrates that students were 
expected to apply the information they were learning to 
their personal lives and were given the opportunity to make 
that connection in their textbooks.
Both texts used learning examples that were common to 
everyday life but the 1951 edition also used examples 
unique to science as can be seen from the photograph 
example given above. No lab activity was included on the 
scientific method in either text. Therefore, all skills 
which could be acquired by students were based solely on 
student reading.
An orientation to science was acquired through five 
skills in both books: longing to know and understand,
questioning, respecting logic, collecting data, and being 
aware of the social implications of science. The longing 
to know and understand skill was presented through 
statements mentioning curiosity and a desire to learn. 
Questioning was evident through the captions of the 
pictures in the 1951 edition as previously mentioned and 
through indirect questions in the text. The 1956 text 
added questions under the section of the scientific method 
involving recognizing and defining problems. Questions 
such as "Why does a plant bend toward the light? How do 
roots take in water? What causes a heart to beat?" (p. 6) 
were set forth as examples of the types of questions which
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scientists investigate. Students learned that scientists 
respect logic or reason through the historical discussion 
in the 1951 edition and through statements such as "In 
scientific thinking, reason replaces superstition" (p. 4) 
in the 1956 edition. Collecting data was listed as a key 
step in the scientific method. Being aware of the social 
implications of science was evident in the discussion on 
concern for human welfare and through comments such as "We 
look to you to provide means for better living through 
advance in scientific knowledge" (1951, p. 10).
Most of the inquiry skills that students were exposed 
to in this section of the texts were related to the steps 
of the two different methods of science discussed. The 
differences between the two editions appeared in the 
section entitled "How do you set up a scientific 
experiment?" in the 1956 text. Here students were taken 
step by step through the process of planning an experiment 
through reading about skills such as designing procedures, 
measuring, graphing, and using computational skills. The 
experiment was designed to show the "influence of light on 
the growth of bean seedlings" (p. 7). Students were given 
instructions on planting the bean seeds, on experimental 
procedures, and on data collection. The text then stated 
that: "The experiment should show that the plants . . . "
(p. 7) and conclusions were drawn. The text then explained 
the process of identifying and controlling variables and
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how this can effect an experiment. Students were then 
given the opportunity to design their own experiment in the 
"Research on Your Own" section at the end of the unit.
All skills were presented in both textbooks on the 
KNOWLEDGE level. Yet, the end of the chapter reviews 
focused on questions at the KNOWLEDGE and COMPREHENSION 
levels in both texts and at the APPLICATION and ANALYSIS 
levels in the 1956 edition. On the whole, questions in the 
1956 edition were more complex with references to then 
current applications.
Classification.
For the topic of classification, both texts had 
historical approaches including references to Linnaeus. No 
labs were included or mentioned in either book relating to 
classification, thus all further skills gained were based 
on reading.
Students received an orientation to science by
recognizing patterns and relationships in both textbooks. 
This was accomplished through the use of photographs and 
their related captions which included questions (similar to 
those used in the scientific method section). In this 
section students also gained knowledge of scientific 
terminology as well as classification. Students could 
acquire the inquiry skill of classifying in addition to 
skills of observing and communicating results. The 1956
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edition included the skill recognizing the need for a 
theoretical model. All of these skills were presented on 
the KNOWLEDGE level. End of the chapter review questions 
were found to be on all levels except EVALUATION. The 1956 
text did, however, have higher level questions (on the 
ANALYSIS and SYNTHESIS levels) such as "Scientists do not 
all agree on the exact meaning of a species. What in your 
opinion do you think a species should represent?" (p. 112).
Amphibians.
The topic of amphibians often brings to mind the 
laboratory work of dissection. While the 1956 edition did 
not mention a lab activity of this sort, the 1951 text did 
suggest it as an additional activity at the end of the 
chapter. Therefore, the texts were scored with the view 
that learning was through reading only. The texts utilized 
photographs, illustrations, and diagrams to aid student 
learning. The 1956 book included a Trans-Vision section 
detailing the anatomy of the frog through the use of the 
transparency type pages. This section has come to be a 
trademark of the Holt biology texts. This was in contrast 
to the 1951 edition which had only illustrations 
interspersed throughout the textual material.
Students acquired an orientation to science through 
the skills of recognizing patterns and relationships and 
being aware of the social implications of science in both
72
texts. Through studying about amphibians, students 
continued to gain knowledge of classification by 
identifying the various orders of amphibians. Scientific 
terminology dealing with anatomical structures was also 
gained but the presentation was much more detailed in the 
1956 text.
Students acquired the inquiry skills of classifying 
and observing on the KNOWLEDGE level. If the laboratory 
exercise of dissection was included, then students would 
also have gained the skill of performing laboratory 
techniques. The end of the chapter reviews focused on 
questions on the KNOWLEDGE and COMPREHENSION levels in both 
texts, while the 1951 edition contained questions on the 
APPLICATION level and the 1956 edition contained questions 
on the ANALYSIS level.
Heredity.
Heredity was presented in both books from an 
historical perspective. Illustrations and Punnet squares 
(see Glossary) were used to clarify the presentation of the 
topic along with charts and tables.
Students acquired an orientation to science which was 
characterized by several skills. Longing to know and 
understand was demonstrated through the discussion of 
Mendel's efforts of cross pollinating peas. The texts then 
detailed Mendel's methods of collecting data, demanding
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verification, and recognizing patterns and relationships. 
Students also gained knowledge of the classification 
procedures he used as well as the principles, laws, and 
scientific terminology he developed through his 
experiments.
Through discussion of the procedures Mendel used, 
students acquired various inquiry skills related to the 
different aspects of experimentation. Designing 
procedures, identifying and controlling variables, 
replicating procedures, and communicating results were 
presented in a manner that reflected the various steps of 
the scientific method discussed in the first chapters of 
the texts. Students were shown how the principles learned 
could be applied to other organisms such as guinea pigs, 
cattle, and humans. It was in this area that the 1951 
edition had an extended explanation versus the 1956 
edition. Both books gave the students complete directions 
on how to complete the Punnet squares (which illustrates 
the skill translating content from one symbolic form to 
another). All skills were learned on the KNOWLEDGE level, 
even though the end of the chapter reviews had questions on 
the KNOWLEDGE, COMPREHENSION, and APPLICATION levels.
Ecology.
It was in the area of ecology where the greatest 
differences were discernible between the texts. The 1956
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edition was more ecologically oriented with information 
interspersed and integrated throughout the book. It 
presented ecology in a practical manner while the 1951 
edition had a very sparse introductory approach. Lab 
activities were included in the 1956 book in the "Research 
on Your Own" sections which accompanied selected chapters. 
If completed, these activities would have given hands-on 
exposure to the topic.
Students acquired an orientation to science through 
recognizing patterns and relationships in both texts. The 
1956 book added collecting data. Considering consequences 
was illustrated through statements such as "Winds, fires, 
and other events in nature, as well as man's clearing, may 
destroy a climax species" (p. 88). Students gained 
knowledge of concepts and scientific terminology in both 
texts as well.
The presentation of inquiry skills was limited to the 
textual material if the activities were not utilized. The 
1951 text stressed observing through the use of 
illustrations whereas the 1956 edition stressed the 
integration of material with previous knowledge. All 
skills were presented on the KNOWLEDGE level. This would 
have been the case unless the activities were completed 
which would have increased the student's understanding by 
several levels in Bloom's taxonomy.
An example of an activity which was included at the
end of the chapter is: "In a gallon jar prepare a
protozoan culture. Check the most common forms found each 
day. Keep records to show how the population of the 
culture changes daily. Describe the appearance of the 
water daily also" (1956, p. 348). The lab was very simple, 
yet it gave students an opportunity to see succession in 
action and practice inquiry skills such as designing 
procedures, collecting data, and recording observations.
The activity did not give any clues as to what the results 
of the activity might be nor did it label the concept 
behind the activity. Thus, students would have to complete 
the lab in order to determine the results and implications 
of the activity. This activity illustrates learning on the 
APPLICATION level of Bloom's taxonomy.
College Biology Textbooks
Seven college biology textbooks were reviewed for this 
decade. They were: General Biology (Moment, 1950);
Biology; The Human Approach (Villee, 1950); Biology (2nd 
ed.) (Villee, 1954); Biology (Weisz, 1954); Principles of 
Modern Biology (3rd ed.) (Marsland, 1957); Biology (3rd 
ed.) (Villee, 1957); and The Science of Biology (Weisz, 
1959). In most cases no laboratory activity was mentioned, 
therefore, the analyses were based solely upon the reading 
of the text. A copy of the complete results can be found 
in Table 2 on pages 103-105.
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Scientific Method.
An understanding of the methods of science was as 
critical on the college level as it was on the secondary 
level. With this in mind, it was surprising that one of 
the texts had no mention of the scientific method. Five of 
the textbooks had an introduction to this subject and one 
included an historical approach. Most of the texts (five) 
had no additional learning devices to aid student learning, 
but Marsland (1957) utilized photographs to supplement the 
textual material. It was typical for the college biology 
texts to use photographs, illustrations, and other learning 
devices less than the secondary textbooks. Unless 
mentioned otherwise, this was true for all of the topics.
Students acquired an orientation to science through a 
variety of skills. Longing to know and understand and 
questioning appeared in the same two texts, Moment (1950) 
and Weisz (1959). Considering consequences was a skill 
which was presented in Villee (1950) and Weisz (1959) while 
being aware of the social implications of science was 
presented in Villee (1954 and 1957). The majority of texts 
(four) concentrated on the skills of respecting logic, 
collecting data, demanding verification, and recognizing 
patterns and relationships. One text, Weisz (1959), which 
was published post-Sputnik and closer to the beginning of 
reforms, did not include recognizing patterns and 
relationships as an orientation to science but instead
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included recognizing the limits of science and the 
tentativeness of science as important skills. This was in 
line with the thinking of the reformers and the perspective 
that they wished to convey to students. (Table 2 details 
which textbooks included each of the skills presented.)
An example which illustrates the skill recognizing 
patterns and relationships was found in Villee (1950). An 
explanation of the "method of science" was placed in the 
context of Sherlock Holmes stories. The book states: 
"Holmes is a scientist par excellence, with his unfailing 
powers of observation enabling him to note the details of 
everything connected with his cases and his ability to 
conceive original theories based on relationships" (p. 3). 
This was a text which used an unique example to convey an 
understanding of the scientific method.
Students were expected to gain knowledge of theories 
(4/7), principles and laws (5/7), and models (6/7) from 
their textbooks. In Villee (1954), for example, students 
were exposed to scientific terminology in the form of 
definitions of the terms theory, principle, and law. 
Students were also presented with models of experimental 
design such as the method of agreement (a method to 
discover "the common factor in a variety of cases that may 
be the cause of the event" (p. 5)). Thus this topic was 
presented in a more theoretical manner than at the 
secondary level. The Villee texts (1954 and 1957) also
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included material on information sources such as journals 
and Biological Abstracts.
Students were exposed to a variety of inquiry skills 
through their texts. A majority of the texts covered the 
skills of formulating hypotheses (5/7), designing 
procedures (4/7), identifying and controlling variables 
(6/7), observing (6/7), predicting (5/7), and verifying 
(4/7) which are all aspects of experimenting (6/7). The 
books sparsely covered other skills which are relevant to 
the scientific method. Aspects such as analyzing data, 
interpreting data, and concluding were discussed in 2/7, 
3/7, and 2/7 texts respectively. Communicating results was 
mentioned in 3/7 of the texts (Villee 1954 and 1957 and 
Weisz 1959) and the expectation of integrating the material 
with previous knowledge appeared only in two Villee texts 
(1954 and 1957). It is interesting to note that five texts 
stressed the formation of theories as part of the 
scientific method. The five books were Moment (1950), 
Villee (1950, 1954, and 1957), and Weisz (1959). All of 
these skills were presented on the KNOWLEDGE level.
However, in the end of the chapter review sections, 4/7 of 
the texts had questions which concentrated on the 
COMPREHENSION and APPLICATION levels. Two textbooks had no 
review questions whatsoever.
There seems to be a fundamental difference in the 
treatment of the scientific method between the college and
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secondary levels. The secondary texts were more 
introductory and presented an overview of the topic and 
process, giving students the whole picture. The 
presentation given in the texts on the college level 
appeared to focus on the experimentation step of the 
scientific method with little mention of the rest of the 
process or related skills.
Classif ication.
Six texts utilized an historical presentation for the 
topic classification and no laboratory activities were 
mentioned in any of the texts. Therefore, all data was 
based solely upon reading the textual material.
Students acquired an orientation to science which 
centered on recognizing patterns and relationships. They 
gained knowledge of classification and scientific 
terminology in all of the books. The oldest book (Moment, 
1950) presented classification as a model but this did not 
appear in any of the subsequent books. Moment (1950) was 
the only text that gave the student complete directions on 
classification including the proper nomenclature form.
Classifying was the principal inquiry skill acquired 
in all the books, while communicating the results of 
classification was covered in four of the texts (Moment, 
1950 and all three Villee texts). The Villee books also 
presented the skill of recognizing the need for a
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theoretical model and stressed the skill of observing. All 
of these skills were learned on the KNOWLEDGE level in all 
of the books. End of the chapter reviews were absent in 
two texts, while in four texts the review concentrated on 
the COMPREHENSION level. In one text, Weisz (1959), the 
chapter review had questions only on the KNOWLEDGE level.
Amphibians.
The topic of amphibians was presented as an 
introduction in six textbooks. Weisz (1954) had no mention 
of amphibians outside of a limited treatment of frog 
embryology. No laboratory exercises were mentioned in any 
of the texts, thus, all data collected was based upon the 
student solely reading the text.
The student acquired an orientation to science which 
centered around recognizing patterns and relationships. 
Students gained knowledge on classification in all six 
texts which discussed this topic. Acquired inquiry skills 
concentrated on classifying. All skills were learned on 
the KNOWLEDGE level.
Heredity.
An historical approach was used to present this topic 
in four texts. Many learning devices were included in the 
texts but all of the books utilized illustrations and 
Punnet squares to aid student learning of the material. No
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laboratory activities were mentioned in any text so the 
analyses were based solely upon the student reading the 
text.
The skill of recognizing patterns and relationships 
was the vehicle which provided an orientation to science in 
all books. This was supplemented by the skill of 
considering consequences in 3/7 texts. The oldest book 
(Moment, 1950) provided students with the skill recognizing 
that scientific development depends on a multitude of 
factors, an orientation that had not previously surfaced in 
any topic. This was portrayed in the discussion of 
Mendel's experiments. The text explained that Mendel had 
experimented with other plants besides peas and had 
obtained varying results. This led him to consider his 
work with peas as limited in significance. Thus, students 
were presented with a perspective on variables and samples 
and how their selection can affect an experiment and 
ultimately scientific development.
Students gained knowledge of the scientific 
terminology of heredity in all texts. Classification was 
also evident in the text presentations as was knowledge of 
principles and laws in 6/7 texts each. In five textbooks, 
students were presented with knowledge of models.
The acquisition of inquiry skills centered upon the 
accounts of Mendel's experiments and the process of 
determining the outcomes of several types of genetic
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combinations. All texts incorporated classifying into 
textual discussions. Six texts included the inquiry skill 
of translating content from one symbolic form to another in 
the form of Punnet squares. Often this discussion included 
computational skills which was also found in six texts.
Five texts stressed recognizing the need for a theoretical 
model which was evident in the use of the Punnet squares 
and in the use of Mendel's laws to solve heredity problems. 
Complete instructions were given in five texts on the 
completion of genetics problems. The skills of 
experimenting, observing, recording observations, 
predicting, and identifying and applying the content in 
other areas were also prominent in the presentations on 
heredity. Other skills surfaced depending upon the wording 
used to describe Mendel's experiments and are noted in 
Table 2. All skills were presented on the KNOWLEDGE level. 
Yet, five texts had end of the chapter reviews that 
consisted of questions on the COMPREHENSION (5/7), 
APPLICATION (4/7), and SYNTHESIS (3/7) levels of learning. 
Two books did not include an end of the chapter review for 
this topic.
Ecology.
The topic of ecology was presented in Marsland (1957) 
from an historical perspective, and Villee (1950) presented 
an introduction to the subject. Weisz (1954) had no
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mention of ecology whatsoever. Laboratory exercises were 
not included or mentioned in four texts. Two texts, Villee 
(1954 & 1957), referred to a lab in the textbooks. The lab 
mentioned was as follows:
Ecologic succession can be demonstrated in the 
laboratory. If a few pieces of dry grass are 
placed in a beaker of water, a population of 
bacteria will appear in a few days. Next, 
flagellates appear and eat the bacteria, then 
ciliated protozoa such as paramecia appear and 
eat the flagellates. Finally predator protozoa 
such as Didinium will appear and eat the 
paramecia. All the protozoa were present as 
spores or cysts attached to the grass. (Villee,
1957, p. 579)
It was apparent that the author had no intention of the 
students performing this exercise, since the observations 
are described, and the outcome is discussed in advance. 
Therefore, the researcher considered that there was no 
laboratory activity in this section of the textbook.
The similarity between this procedure and the one 
presented at the high school level is striking. The 
difference lies in the fact that in the college text, the 
concept behind the experiment was stated for the students, 
and observations were described in detail. The explanation 
of this laboratory activity gave prospective teachers the
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background information they needed to help students 
complete the activity on the high school level.
The majority of the textbooks presented students with 
an orientation to science through recognizing patterns and 
relationships (6/7). Only two texts, Moment (1950) and 
Weisz (1959), provided students with a perspective on 
considering consequences. Weisz (1959) alone discussed 
being aware of the social implications of science.
Students gained knowledge of concepts (5/7), 
scientific terminology (4/7), classification (3/7), and 
principles and laws (3/7). Students also acquired the 
inquiry skills of classifying and observing through reading 
five of the textbooks. Other skills such as predicting, 
translating content from one symbolic form to another, and 
recording observations were covered in a few texts. But 
regardless of the skill or textbook, all skills were 
presented on the KNOWLEDGE level. In spite of this, the 
end of the chapter reviews contained questions on the 
COMPREHENSION (4/7) and APPLICATION (3/7) levels. One text 
(Weisz, 1959) had questions only on the KNOWLEDGE level, 
and one text (Moment, 1950) had no end of the chapter 
review.
Teacher Education Textbooks
Eight teacher education textbooks published in the 
1950's were analyzed for this portion of the study. The
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textbooks were authored by Heiss, Obourn, and Hoffman 
(1950); Hoff (1950); Wells (1952); Burnett (1957); 
Richardson (1957); Brandwein, Watson, and Blackwood (1958); 
Morholt, Brandwein, and Joseph (1958); and Thurber and 
Collette (1959). (A complete bibliographic list for the 
textbooks can be found in Appendix A.) Complete results 
for the teacher education methods textbooks can be found in 
Table 3 on pages 106-109. Only one of these books,
Morholt, Brandwein, and Joseph (1958), dealt specifically 
with biology. The others were texts which dealt with 
science teaching in general. As such, they included the 
subjects of biology, chemistry, physical science and 
general science. Seven of these texts contained no 
laboratory activities. The exception was the Morholt, 
Brandwein, and Joseph text (1958). This text was a 
resource book of hundreds of experiments, demonstrations, 
and activities which could be used in the biology 
classroom. If some of these activities were integrated 
into the methods course, then the course could be 
considered as having a laboratory. But due to 
circumstances previously noted by Schlessinger (1965), it 
is doubtful that the text was used in this way. (This text 
was the only text not completely analyzed due to its 
content. If it had been, all of the skills under 
investigation in this research study would have been found 
in one form or another in the myriad of experiments.)
Because of the lack of laboratory exercises in the 
methods courses, students gained an orientation to science 
through reading. The perspective gained is one that 
centered on several skills. The social implications of 
science were discussed in seven texts. It was 
understandably absent in the Morholt, Brandwein, and Joseph 
text due to its format and purpose. Recognizing patterns 
and relationships was presented in six books as was 
collecting data. Four skills were covered in five texts 
each: longing to know and understand, questioning,
respecting logic, and demanding verification. Thurber and 
Collette (1959) offered an orientation to science which 
included considering consequences which was an important 
aspect advocated by curriculum reformers.
In the teacher education methods books analyzed, 
students gained knowledge primarily of educational subject 
matter versus that of scientific or biological subject 
matter. The ROSES report (Newton & Watson, 1968) confirms 
this finding. It states that the content of science was of 
much more importance in elementary methods classes than 
those of secondary education. Three of the reviewed 
textbooks contained background information useful to 
teachers such as collecting specimens and preserving 
specimens. Only Thurber and Collette (1959) covered both 
scientific and biological information. Students gained 
knowledge of concepts in five textbooks and models were
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discussed in four. Knowledge of theories, principles and 
laws, and classification was also gained through a variety 
of texts. Scientific techniques and procedures were 
covered in the Morholt, Brandwein, and Joseph (1958) text 
only.
Prospective teachers acquired a variety of inquiry 
skills through the texts. The most prevalent skills were 
associated with the methods of science. Recognizing a 
problem and asking relevant questions was found in seven 
out of eight textbooks. Forming a hypothesis was discussed 
in five texts. The skill of experimenting was covered in 
seven books as was the skill observing. Different aspects 
of experimentation were covered in varying depths. These 
skills included: designing procedures (4/8), generalizing
(5/8), classifying (6/8), identifying and controlling 
variables (6/8), verifying (4/8), and replicating 
procedures (4/8) . Analyzing data and interpreting data 
were considered in six texts each. The skill of concluding 
was also treated in six books. Seven texts covered 
communicating results, the often unstated last step in the 
scientific method.
There were two steps listed in the secondary textbooks 
for the methods of science which did not receive much 
attention in the teacher education methods books. The 
skills were those involving "collecting information related 
to the problem" and "organizing and recording data" (Modern
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Biology. 1951, p. 10). Library research was mentioned in 
three textbooks. Recording observations was also covered 
in three texts.
It was interesting to note that the skill of 
identifying and applying content in a new context was 
discussed in five textbooks. Integrating material with 
previous knowledge was mentioned in four books. These are 
skills which are crucial to successful teaching, yet they 
were not detected in more texts. All the skills mentioned 
thus far were learned on the KNOWLEDGE level in all eight 
textbooks. Only five of the eight textbooks had end of the 
chapter reviews which dealt with learning on the following 
levels: COMPREHENSION 4/8, APPLICATION 5/8, ANALYSIS 2/8,
SYNTHESIS 2/8, and EVALUATION 1/8.
But teacher education methods textbooks conveyed much 
more than the information and skills of science. They 
meshed science and education together in a variety of ways 
which provided a bridge between academic science courses 
and educational theory for prospective teachers. This was 
accomplished by delving into the specifics of science 
education. Topics such as curricula, students, planning, 
as well as specific teaching methods were presented in the 
methods texts. These topics, along with several others, 
prepared the prospective teacher to effectively present 
biology to students. In order to gain a more complete 
picture on what students were learning from their methods
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textbooks, these topics were also reviewed.
Generally all teacher education methods textbooks 
discussed various aspects of science teaching. (The 
exception was the Morholt text.) Seven texts discussed the 
psychological dimension of science teaching. Principles of 
learning were discussed in six texts but only one 
(Richardson, 1957) included the topic of principles of 
teaching. Six texts covered objectives of science teaching 
and four texts discussed the goals of science teaching.
Five texts allotted space to the history of science 
teaching. Only two texts discussed the problems of 
teaching science such as the changing student population 
and reading difficulties. Three textbooks (Heiss, Obourn,
& Hoffman (1950); Hoff (1950); and Burnett (1957)) included 
information on research in science teaching and cited 
research studies in their presentations of material.
An aspect of research is curricula studies. A 
discussion on current curriculum trends was included in 
five textbooks and four of them presented the historical 
perspective to this issue. Only one (Burnett, 1957) 
discussed innovations such as the theoretical basis of the 
newer courses.
The topic of students was included in all of the 
textbooks. Discussions centered on different types of 
student groups such as the gifted (5/8) and students who 
perform below average (4/8). Gender differences were also
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covered in two texts. Thurber and Collette (1959) included 
a discussion on deprived students and racial issues. The 
majority of books talked about motivating students (5/8) 
and offered suggestions and techniques for increasing 
student participation. Fewer texts dealt with topics such 
as student readiness and skill attainment in the cognitive, 
affective and psychomotor areas. Only one text (Thurber 
and Collette, 1959) contained a discussion on classroom 
management.
Another important topic which was considered in the 
texts was planning. Almost all of the books discussed 
lesson plans and unit plans (7/8 each). Five texts taught 
how to sequence material. Five texts also discussed how to 
plan the yearly course content. Only one book talked about 
planning objectives (Brandwein, Watson & Blackwood, 1958). 
Five texts discussed how to plan laboratory activities, and 
these were generally the books written between 1957 and 
1959, with the exception of Hoff (1950). The difference 
between these texts is that the Hoff text discussed 
laboratory activities in terms of teacher demonstrations 
whereas the other texts concentrated on student activities.
Another aspect of planning which received attention in 
the texts was the planning of facilities. Topics such as 
the design of science rooms (6/8) and planning for adequate 
storage (4/8) were covered. All the texts published after 
1956 included the topic of research facilities both for the
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teachers and students.
The principal purpose of most of the texts seemed to 
be that of surveying the teaching methods which were useful 
for effective science teaching. All texts presented 
information on discussions and demonstrations. Seven texts 
discussed the use of laboratory activities in teaching, but 
only six discussed the use of the inquiry approach. This 
concept was presented in different ways. For example, 
Heiss, Obourn, and Hoffman (1950) presented inquiry through 
the Learning cycle which was based on Dewey's concept of 
problem solving which was similar to the scientific method. 
Richardson (1957) stressed inquiry through statements such 
as the laboratory should be used "to solve the student's 
problems; it depends on whether the student is engaged in 
what is for him experimental work or whether he is involved 
in the meaningless repetition of cook-book laboratory work" 
(p. 19). This was contrasted with the Thurber and Collette 
(1959) text which was filled with examples of the inquiry 
approach being utilized in classrooms.
Lectures were also described in six texts.
Questioning was considered to be an important teaching 
method in six texts. This is often a component of the 
text-recitation method which was discussed in five books. 
Student reports were presented as a useful tool in seven 
texts. This is contrasted with the fact that only one 
text, Thurber and Collette (1959), had information on lab
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reports. This may indicate the lack of focus on laboratory 
in the methods courses and at the secondary level. Student 
projects were also seen to be beneficial in six texts. 
Science clubs were also seen as important tools. Six texts 
included information on how to incorporate them into the 
science program. Another method which was mentioned was 
inviting guest speakers to make classroom presentations. 
This was presented in five texts.
Specific examples of teaching methods were given in 
only four textbooks. Examples of demonstrations were cited 
in four books as were student projects. Only three of 
these texts included examples of student or class 
experiments or inquiry. In spite of the fact that 
questioning was held up as a valuable teaching method, only 
one text included an example of questioning.
The use of media in teaching received attention in all 
eight textbooks. All of the texts mentioned films, and 
seven discussed filmstrips and slides. Presentations were 
also made on the use of chalkboards, bulletin boards, and 
displays to enhance teaching and learning. The use of 
models and charts was discussed in seven texts. Six books 
included information on sources for teaching aids. It is 
interesting that these methods received the prominent 
attention in the texts versus topics specific to science 
teaching such as the use of specimens and microscopes.
This may indicate that these methods were not prevalent in
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secondary classrooms, and, therefore, teachers did not need 
training in them.
Another form of media that received attention in the 
books was textbooks. Seven books included information on 
student textbooks and their use in the science classroom, 
although only three texts presented criteria for teacher 
selection of textbooks. Information on workbooks (5/8) and 
laboratory manuals (4/8) was also included in the texts but 
not to the extent expected, since these texts were science 
methods texts. Perhaps once again this indicates that lab 
exercises were not prevalent in the secondary classroom.
The use of library materials was discussed in six texts, 
and suggestions were made regarding their selection.
Although it appears from the teacher methods texts 
that laboratory activities were not used significantly in 
the classroom, sections on materials and equipment did 
appear in all of the textbooks. Six books listed sources 
for materials and equipment and four included checklists. 
While the topic was discussed, little information was 
presented which would guide the future teachers in the 
selection, purchase and maintenance of the equipment.
Evaluation is a tool which teachers use constantly.
Six texts included information on the purposes of 
evaluation and the different types of evaluation that were 
available for teachers to use. The most prominent form of 
evaluation used in classrooms were tests. Tests were
discussed in seven books. Different types of tests were 
examined and five textbooks presented sample questions. 
While student reports and projects were advocated as 
teaching methods, suggestions on the evaluation of projects 
was included in only two texts. There was no discussion on 
the evaluation of reports in any of the textbooks. Another 
interesting point that emerged is that only one text 
presented information on the evaluation of units and only 
one text presented information on the evaluation of a 
course. So it would seem that teachers were to develop 
lessons, units, and courses without much thought to their 
effectiveness. They were not given the information or 
skills in order to evaluate their own performance in the 
classroom. This was apparently left to others— supervisors 
and administrators.
Teacher education methods textbooks also included 
material on professional issues. Topics such as 
professional development (6/8) and membership in 
professional organizations (4/8) were considered to be 
necessary in order to keep the teacher up to date and 
effective in the classroom. Four books offered references 
useful to teachers. It is interesting to note that only 
one text discussed the responsibilities of the teaching 
profession (Hoff, 1950).
Summary
Whatever science courses the student takes, the 
conventional instructional procedures are much 
the same. A textbook is employed, and each 
student is expected to study the text and to 
learn its contents. The teacher's task is to 
present the science to the students, clarify 
points of difficulty, challenge the students' 
thinking, assist the students in exploring the 
meaning of the science to their lives and to 
modern communities, and to do everything possible 
to ensure that the facts and principles as 
presented by the textbook are learned.
Natural phenomena are presented by 
demonstrations, usually by the teacher but often 
by individual students or student committees.
These demonstrations generally employ standard 
apparatus produced by commercial firms which 
specialize in studying the need for school 
science equipment and supplying materials that 
meet the need. The demonstrations serve to 
provide visual impact to the textual account of 
science phenomena and to illustrate basic 
principles. (Burnett, 1957, p. 29)
This lengthy quotation from a methods book provides 
fitting summary for the analysis of textbooks for the
1950's because it presents many of the principles studied 
in a word picture of the typical high school classroom and 
presents the resultant implications for teacher education 
courses. This passage points to the centrality of the 
textbook in the classroom. All of the teacher education 
methods texts mentioned textbooks. Many contained 
information on the use of textbooks in the classroom. This 
was especially important training since as Stake and Easley 
concluded in their study, "the source of knowledge 
authority was not so much the teacher— it was the textbook" 
(Stodolsky, 1989, p. 165).
This quotation also illustrates the role of the 
teacher as a dispenser of knowledge. This role was 
confirmed by the ROSES report's (Newton & Watson, 1968) 
interviews with prospective teachers. The knowledge they 
would be dispensing would be obtained from their college 
science courses. This study found that they did obtain the 
necessary knowledge from their college biology textbooks to 
transmit to their students. Since this information was at 
a more abstract and theoretical level than they were 
required to dispense at the high school level, the college 
text provided the teachers with a depth of understanding. 
Although the textbooks were weak in some skills such as 
analyzing data and concluding from data, they concentrated 
on other skills (generalizing and predicting, for example) 
which did not appear in the high school texts, in these
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sections, but which are valuable skills nonetheless. The 
skills which were not dwelt upon in the college texts, were 
covered in the teacher methods materials since they related 
more to the overall skills needed in science and methods of 
science. As such, these skills supplied a sort of umbrella 
on which students could hang all of the knowledge gained 
from specialized content courses.
This quotation also mentions that teachers are to 
address "points of difficulty" which students may be 
experiencing with the subject matter. This aspect was not 
addressed in either the teacher methods books or the 
college biology books. Therefore, according to the 
National Commission for Excellence in Teacher Education 
(1985), the education the prospective teachers received was 
deficient.
Teachers were expected to help students apply what 
they were learning to their life. The focus of the high 
school texts was more in line with this objective than the 
college texts. This is evidenced by the examples used in 
the texts. Many were agriculturally or recreationally 
based. The college biology texts did not stress practical 
applications of knowledge and had limited emphasis on 
integrating content with previous knowledge. Teacher 
education materials, on the other hand, stressed educating 
students for responsible citizenship and democracy. But 
most of the applications in these methods texts dealt with
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topics such as guidance. Educational issues dealing with 
teaching sensitive subjects such as reproduction were also 
covered in the methods texts as applications. So they also 
did not contain science applications.
The passage points out that teachers were to "do 
everything possible" to help students learn. This 
justifies the focus on pedagogy and instructional 
procedures seen in teacher education materials. This 
researcher obtained the impression from the textbooks that 
if teachers would simply apply the theories and principles 
they had learned through the proper lesson plans that 
students would learn. But teaching is not that simplistic. 
In a study done at Madison College, Warren (1954) found 
that prospective teachers needed "the demonstration of good 
teaching methods— that instructors should demonstrate the 
effectiveness of their theories in their own teaching" (p. 
166). This is due to the fact that teachers tend to teach 
as they were taught.
The focus of the quotation on demonstrations tends to 
support this researcher's previously stated suspicions that 
laboratory activities were, for the most part, non­
existent. This is also based on the data collected and 
subject matter treatments in the texts. It is also 
supported by the focus of teacher methods books on 
demonstrations and class activities versus true 
experimentation. The purpose of the laboratory was to
verify the basic principles presented in the textbooks, not 
to explore science as a scientist. This also explains the 
treatment of facilities and equipment found in the methods 
texts. The absence of laboratory exercises being mentioned 
in the college biology texts also supports the claims of 
Schlessinger (1965) and Reynolds (1964) who point to 
college labs being used for verification of the text and 
not for experimentation.
This, then, is the picture provided by the textbooks 
of the 1950's. This information will act as a baseline for 
the data gathered from the decades of the 1960's and 1970's 
which will be analyzed in subsequent chapters.
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Table 1
Composite Evaluation Form for Secondary Textbooks: 1950's 
Textbooks:
1. Modern Biology 1951 2. Modern Biology 1956
Topics:
SM. Scientific Method C. Classification
A. Amphibians H. Heredity
E. Ecology
Skill_________________________________________________ Topic
SM C A H E
General approach subiect:
bioloaical 2/2 2/2 2/2 2/2 2
chemical
physical
socioloaical
economical
technoloaical
historical 1 2/2 2/2
bioaraohical
mathematical
environmental
introduction 2/2 2 1
other
subiect not mentioned
Devices used: None
ohotocrraohs 2/2 2/2 2/2 2
illustrations 1 2/2 2/2 2/2 2/2
charts 2 2/2
araohs
diaarams 2/2
tables 2 2/2
cruotes
s imu1at ions/aame s
maos
Punnet souares 2/2
Learnina obiects/examoles:
unioue to science 1 2/2 2/2 2/2 1
common to evervdav life 2/2 2/2 2/2 2/2 2/2
Lab activity is included:
ves 1 2
intearated
additional 1
extension 2
no 2/2 2/2 2 2/2 1
Orientation to science:
readina 2/2 2/2 2/2 2/2 2/2
discussina
doina
lonaina to know and understand 2/2 2/2
auestionina 2/2 2
respectina loaic 2/2
considerina conseauences 2
collectina data 2/2 2/2 2
demandina verification 2/2
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SM C A H E
recoanizina patterns & relationshiDS 2/2 2/2 2/2 2/2
recoanizina limits of science
recoanizina scientific develoDment
beina aware of social imDlications 2/2 2/2
tentativeness
Gains knowledae:
readina 2/2 2/2 2/2 2/2 2/2
doina
facts
conceDts 2/2
theories
DrinciDles/laws 2 2/2
models 2/2
classification 2/2 2/2 2/2 2/2
information sources
scientific terminoloav 2/2 2/2 2/2 1
scientific techniaues/Drocedures
Acauires inauirv skills:
readina 2/2 2/2 2/2 2/2 2/2
discussina
doina
recoanizina problems & askina Questions 2/2
recoanizina need for theoretical model 2/2 2
deducina hvDothesis from theoretical model
exoer iment ina 2/2 2/2
eerformina laboratorv techniaues 1
formulatina hypotheses 2/2
desianina procedures 2/2 2/2
operationally definina
aeneralizina
predictina
classifvina 2/2 2/2 2/2
identifvina & controllina variables 2/2 2/2
observina 2/2 2/2 2/2 2/2 2/2
recordina observations 2/2
measurina 2
verifvina
reolicatina procedure 1 2/2
analvzina data 1 2/2
processina experimental data
computational skills 2 2/2
araohina 2
interpretina data 1 2/2
inferrina
interoolatina
extrapolatina
concludina 2/2 2/2
translatina content from svmbolic forms 2/2 2/2
communicatina results 1 2/2 2/2
identifvina & aoolvina in a new context 1 2/2
intearatina with previous knowledae 2/2 2
formina theories
Level learns each process:
knowledae 2/2 2/2 2/2 2/2 2/2
comorehens ion
application
analvsis
svnthesis
102
SM C A H E
evaluation
The student t NA 2/2 2 2/2 1
receives complete directions 1 2/2
ooDortunitv to orcranize unit 2
is autonomous 2
Each aroun of students:
reads the same material 2/2 2/2 2/2 2/2 2/2
does essentiallv the same task
different task/Dart laraer task
Student roles:
passive 2/2 2/2 2/2 2/2 2/2
active
rote response
creative response
End of chanter review focuses: NA
knowledae 2/2 2/2 2/2 2/2 2/2
comorehens ion 2/2 1 2/2 2/2 2/2
application 2 2/2 1 2/2 1
analvsis 2 2 2
svnthesis 2
evaluation
Note. Numbers in the chart signify the presence of the skill in the 
textbook having that number in the chart at the beginning of the Table.
A ratio (2/2) signifies that the skill was present in both 
textbooks.
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Table 2
Composite Evaluation Form for College Textbooks: 1950's
Textbooks:
1. Moment 1950 
3. Villee 1954 
5. Marsland 1957 
7. Weisz 1959
Skill_________________________________________________ Tonic
General aDDroach subiect:
bioloaical -4 7/7 -4 7/7 -4
chemical
nhvsical
socioloaical
economical
technoloaical
historical 5 -7 1457 5
bioaraohical
mathemat ical
environmental
introduct ion -4 -7 2 3 2
other
subiect not mentioned 4 4 4
Devices used: None -4 -5 5 2 3 2
DhotoaraDhs 5 7 456 1 4 5
illustrations 2 167 7/7 1367
charts 7
araDhs
diaarams 1 4
tables 1 4 1 6
cruotes 3 6 1
s imu1at ions/came s
mans
Punnet souares 7/7
Learnina obiects/examnles:
unicrue to science 1567 7/7 -4 7/7 1257
common to evervdav life 23 3 6 5 7 3 6
Lab activity is included:
ves
intearated
additional
extension
no -4 7/7 -4 7/7 -4
Orientation to science:
readina -4 7/7 -4 7/7 -4
discussina
doina
lonaina to know and understand 1 7
auestionina 1 7
resnectina loaic 2367
considerina conseauences 2 7 245 1 7
collectina data 3567 1 6
demandina verification 3567
recoanizina natterns & relationshins 1236 7/7 -4 7/7 -4
recoanizina limits of science 7
2. Villee 1950 
4. Weisz 1954 
6. Villee 1957
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SM C A H E
recoanizina scientific develoixnent 1
beina aware of social imDlications 3 6 7
tentativeness 6 3 7
Gains knowledae:
readina - 4 7 /7 - 4 7 /7 - 4
doina
facts
conceDts - 1  - 4
theories 3567 7
Drincioles/laws - 2  - 4 -5 136
models - 4 1 - 5  -7 3 6
classification 7 /7 -4 -7 367
information sources 3 6
scientific terminoloav 3 6 7 /7 7 /7 1236
scientific techniaue/Drocedures
Acauires inauirv skills:
readina - 4 7 /7 -4 7 /7 - 4
discussina
doina
recoanizina Droblems & askina auestions 1 7
recoanizina need for theoretical model 1 5 236 5 7
deducina hvDothesis from theoretical model 5
exner iment ina - 4 1367
Derformina laboratory technioues
formulatina hvDotheses -2  -4 7
desianina nrocedures 3567
ooerationallv definina
aeneralizina 136 7
Dredictina -2  -4 3467 3 6
classifvina 7 /7 -4 7 /7 - 1  -4
identifvina & controllina variables - 4 1 6
observina - 4 3 6 1 - 4  - 5 - 2  -4
recordina observations 2367 5
measurina 3 6
verifvina 1367 5
reDlicatina crocedure 3567 1
analvzina data 3 6 7
nrocessina exoerimental data
comDutational skills 3 6 -5
aranhina
intemretina data 367 7
inferrina
intemolatina
extraDolatina
concludina 3 6 1 7
translatina content from svmbolic forms - 4 1 5
communicatina results 367 1236 1 6
identifvina & arrolvina in a new context 1236
intearatina with nrevious knowledae 3 6
formina theories - 4  -5
Level learns each Drocess:
knowledae - 4 7 /7 -4 7 /7 - 4
conrorehension
aoolication
analvsis
svnthesis
evaluation
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SM C A H E
The student: NA -4 -1 -4 4 5 -4
receives comDlete directions 1 -4 -5
ODDortunitv to oraanize unit
is autonomous
Each arouo of students:
reads the same material -4 7/7 -4 7/7 -4
does essentiallv the same task
different task/Dart laraer task
Student roles:
oassive -4 7/7 -4 7/7 -4
active
rote resDonse
creative resoonse
End of chanter review focuses: NA 1 2 1 4 1367 1 4 1
knowledae 7 2 7
comDrehension 3567 2356 5 -1 -4 2356
aoolication 3567 2356 356
analvsis
svnthesis 236
evaluation
Note. Numbers in the chart signify the presence of the skill in the 
textbook having that number in the chart at the beginning of the Table.
A ratio (7/7) signifies that the skill was present in all 
textbooks.
A [ - ] minus sign in front of a number in the Table signifies 
that the skill was absent in that textbook, but present in all other 
textbooks.
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Table 3
Composite Evaluation Form for Teacher Education Textbooks: 
1950's
Textbooks:
1. Heiss, Obourn, & Hoffman 1950
2. Hoff 1950
3. Wells 1952
4. Burnett 1957
5. Richardson 1957
6. Brandwein, Watson, & Blackwood 1958
7. Morholt, Brandwein, & Joseph 1958
8. Thurber & Collette 1959
Approach of text:
science in general 1234568 biology 7
General approach to subject matter:
biological 235678 chemical 23568 physical 23568 
sociological 14 psychological 148
technological  historical 23456
biographical  mathematical_____
environmental  economical_____
introduction  None of the above_____
What devices, other than content, are included: None___
photographs 1345678 illustrations 7 charts 147
graphs 168 diagrams 135678 tables 1678
guotes 1258 simulations/games_____ maps 1
Learning objects/examples are:
unique to science 8/8 common to everyday life 4_
Lab activity is included: yes 7 no 1234568
integrated 7______additional_____ extension_____
The student acquires an orientation to science by:
reading 8/8 discussing______ doing____
longing to know and understand 13578 
Questioning 15678
respecting logic 34568 tentativeness 6
considering consequences 8 
collecting data 123678 
demanding verification 12368
recognizing patterns and relationships 125678
recognizing the limits of science_____
recognizing scientific development depends on a 
multitude of factors 346 
being aware of social implications of science 1234568
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The student gains knowledge of:
through reading 8/8 doing_
educational 1234568 scientific 68 biological_78_
facts_____ concepts 13568 theories 148
principles/laws 128 models 2458
classification 268 information sources 18
scientific terminology_____
scientific techniques/procedures 7
The student acquires inquiry skills by:
reading 8/8_________ discussing_____ doing___
recognizing a problem & asking relevant questions 
1235678
recognizing the need for a theoretical model 34
deducing a new hypothesis from a theoretical model____
experimenting 1235678
performing laboratory technigues 5 
formulating hypotheses 13568 
designing procedures 2568
operationally defining 5 generalizing 12356
predicting 168 classifying 235678
identifying & controlling variables 135678 
observing 1235678 recording observations 178
measuring  verifying 1368
replicating procedures 1368 
analyzing data 123578
processing experimental data_____
computational skills 18 graphing_158
interpreting data 125678 inferring 18
interpolating_____ extrapolating____
concluding 123568
translating content presented in one symbolic 
form to another 158 
communicating results 1235678
identifying or applying content in a new context 12458 
integrating the material with previous knowledge 1358
Level at which the student learns each processes:
knowledge 12345678 comprehension____
application ______________ analysis_____
synthesis ______________ evaluation_____
The student: NA 123568
receives complete directions on unit 47
has some opportunity to organize the unit_____
is autonomous_____
Each group of students:
reads the same material 8/8 
does essentially the same task.
does a different task, part of a larger task_
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Student roles:
passive 8/8
rote response.
active__
creative response 8
End of chapter review focuses on: NA 457
knowledge  comprehension 1238
application 12368 analysis 18
synthesis 18 evaluation 1
Includes information on:
by reading 8/8 discussion doing.
Science teaching 1234568
problems 48 goals 1248
history 12458 research on 124 
principles of learning 134568
obj ectives 123568 
psychological 1234568
Curriculum trends 124568 innovations 4
historical 1456 current 12456 future.
Planning 8/8
yearly course content 13468 
sequence of material 35678 
units 1245678 lesson plans 1235678 
laboratory activities 25678
Textbooks 8/8
types 1 workbooks 23568
science centers__
facilities 1678
lab manuals 2568
library materials 135678 criteria for selection 258
Teaching methods 8/8
text-recitation 12468 lecture 124568 discussions 8/8 
demonstrations 8/8 questioning 125678 inquiry 125678 
laboratory activities 1245678 guest speakers 25678
student reports 1245678 projects 125678 panels_348_ 
scientific method 18 concepts 15
research based 1 inductive/deductive 1568
Examples 1578
student/class experiments 178 
student projects 1578
demonstrations 1578 
inqu irv 178
Media 8/8 sources of 135678
films 8/8 filmstrips 1345678 slides 1234578
TV/radio 1258 overheads 15 displays 125678
chalkboard 125678 bulletin boards 124568 tapes 18
field trips 8/8 models 1235678 specimens 125
Materials and equipment 8/8 sources of 135678
selection 145 checklist 1278 purchase 18
maintenance 14 preparation_____
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Facilities 1245678
science rooms 124578 research 45678 storage 1578 
checklist  federal aid_____
Evaluation 1234568
purposes 134568 types 123568 trends_____
t e c h n i q u e s  136 i n s t r u m e n t s  14 d i a g n o s t i c  46
s t a n d a r d i z e d  13568 t e s t s  1234568 t y p e s  1234568 
c o n s t r u c t i o n  of 568 s a m p l e  Q u e s t i o n s  13568
term papers  projects 18 course 3
critical thinking 5 record keeping 1
Background information 137
collecting specimens 137 preserving specimens 137
culturing 17 preparation of necessary solutions 17
experiments  techniques 7 statistics 
physics  chemistry  career education__
vocabulary/language  other_____
students 8/8
gifted 24568 below average 2568 deprived 8 
other 8 gender differences 18 motivation 14568
readiness 236
cognition 68 affective 168 process skills 568
classroom management 8
Professional issues 2345678
training 46 job interviews_____
professional development 234578
organizations 4568 references 2568 resources 36
CHAPTER FIVE 
The 1960's
The organization of data in this chapter follows the 
pattern of chapter four. Typographical conventions 
established in chapter four were continued. Boldface type 
indicates categories of skills; italics represent skills; 
and CAPITAL LETTERS indicate the level of learning based on 
Bloom's taxonomy. The reader is encouraged to consult 
Appendices C and D for clarification of terms and for 
additional textual examples.
Secondary Biology Textbooks
Eight textbooks were analyzed in order to gain a 
perspective on secondary school biology education in the 
I960's. Four of the textbooks analyzed were Modern Biology 
(MB) texts published in 1960, 1963, 1965, and 1969. Two of 
the books, Biological Science: Molecules to Man. the reform 
curriculum written by BSCS, were commonly known as BSCS 
Blue. These were published in 1963 and 1968. Another set 
of popular textbooks produced by BSCS was entitled High 
School Biology and known as BSCS Green. These also were 
published in 1963 and 1968.
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The BSCS textbooks were also accompanied by laboratory 
manuals. In most cases, the manuals were contained in the 
textbooks. However, BSCS Green 1963 had a separate 
laboratory manual. The MB texts also had separate lab 
manuals. If the laboratory manuals were not available for 
analysis, then the researcher scored the texts as having no 
laboratory activities unless the activities were mentioned 
in the textbooks. For example, the teacher's edition for 
MB 1965 lists the laboratory exercises for the year. But 
since the labs were not included in the teacher's edition 
and no student manual was available for review, the 
textbook was considered as having no laboratory activities 
for the purpose of this study.
Scientific method.
Seven out of eight of the texts approached the subject 
of the methods of science from an introductory point of 
view. The BSCS Blue texts also added an historical 
perspective through a discussion of Darwin's hypothesis on 
the formation of atolls. The BSCS Green 1968 edition only 
contained a brief introduction of several paragraphs which 
presented the basic skills necessary for a "scientist's 
viewpoint". All texts utilized photographs and the BSCS 
Blue versions supplemented these with illustrations, 
diagrams, and quotations to clarify the discussion on 
Darwin.
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Laboratory activities were included in four textbooks. 
These activities were integrated into the four BSCS texts. 
Two texts (MB 1960 & 1963) included additional laboratory 
activities. These labs will be discussed in detail in a 
subsequent section of this study. It is important to keep 
in mind that the discussion on skills in the BSCS texts is 
not based solely upon reading but on the use of these lab 
investigations which provided students with additional 
opportunities to develop skills.
Students acquired an orientation to science through 
reading (8/8) and doing laboratory activities (6/8).
Longing to know and understand was presented as an 
important skill in six textbooks. The skill of questioning 
was present in 8/8 as was demanding verification.
Collecting data was emphasized in seven texts, the 
exception being BSCS Green 1963. Recognizing patterns and 
relationships was present in five texts while being aware 
of the social implications of science appeared only in 
three MB texts (I960, 1963 & 1965).
Through reading (8/8) and doing (6/8), students gained 
knowledge of models in all of the texts. Scientific 
terminology was presented in-MB 1960 and 1963 as well as in 
the BSCS Blue versions. The BSCS Blue texts and MB 1963 
textbooks also discussed scientific techniques and 
procedures. Classification appeared only in the four MB 
textbooks. Principles and laws were discussed in MB 1960,
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1963, and 1965. Knowledge of theories was gained in the 
BSCS Blue texts and MB 1969.
A variety of inquiry skills were acquired in all texts 
through reading and in the four BSCS books through 
laboratory activities. All of the texts concentrated on 
recognizing problems and asking questions, experimenting 
and observing, recording observations, measuring, and 
verifying. Most books (7/8) also included an explanation 
of forming hypotheses and designing procedures. Six 
textbooks presented the skills of identifying and 
controlling variables, replicating procedures, and 
communicating results. Computational skills and concluding 
were included in five texts and translating content from 
one symbolic form to another and graphing were included in 
four texts. All of these skills are major components of 
the methods of science and as such it was expected that 
they would receive prominent coverage. Other inquiry 
skills received less attention in the texts. The complete 
results of the analyses can be found in Table 4 on pages 
149-151.
Some skills were mentioned that had previously been 
included in only a few college texts. These were the 
skills of recognizing the need for a theoretical model and 
deducing a new hypothesis from a theoretical model. The 
need for a theoretical model appeared in the discussion of 
"Conducting a Controlled Experiment" in the MB editions.
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In this section of the 1965 edition, the experiment with 
bean seeds which had been included in previous editions was 
revised so that it illustrated the steps in the scientific 
method. Each step was discussed in terms of the 
theoretical model. The skill of deducing a new hypothesis 
from a theoretical model was also included in two MB 
textbooks (1963 and 1965). Information on the search for a 
cure for polio was interspersed with the discussions on the 
scientific method to illustrate how the model had been used 
to solve a medical mystery in the 1965 edition.
All of the skills were learned on the KNOWLEDGE level 
in all of the textbooks. The end of the chapter reviews 
concentrated on COMPREHENSION (8/8) and APPLICATION (5/8) 
with additional questions on the KNOWLEDGE (3/8), ANALYSIS 
(1/8), and SYNTHESIS (2/8) levels of learning. The 
learning based on the textbooks alone was passive. But 
this was supplemented by laboratory activities which added 
a new active dimension to learning high school biology in 
the BSCS books.
Laboratory activities were an integral component of 
the BSCS curricula. They were used to introduce new 
concepts and reinforce learned concepts and were often 
discussed in the context of the text. In the BSCS Green 
1963 text, "An experiment: The germination of seeds" was
used to "become acquainted with [the] experimental method" 
(p. 5). Students were given specific procedures for
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treating seeds with fungicide as well as the hypotheses to 
be tested. Students were also given a sample data form. 
After the data had been collected, students were instructed 
to draw graphs and then asked to draw conclusions. 
Discussion questions centered on asking students to 
indicate what the controls and variables were for the 
different aspects of the experiments.
The lab "Investigating unknown substances" in BSCS 
Blue 1968 was used to reinforce the concept of forming 
hypotheses from collected data (facts). This investigation 
dealt with making qualitative observations of changes made 
in indicators by various materials, both living and dead. 
Students were given specific directions on the experimental 
procedures and given data collection tables. Through 
discussion questions, the student was guided in 
interpreting the data and making an hypothesis.
The laboratory activity in the MB textbooks was 
included in the "Research on Your Own" section at the end 
of the unit. Students were instructed to "plan an 
experiment to prove or disprove" that "the response of a 
root to water is greater than to gravity" (1963, p. 53) 
using bean or corn seeds and boxes of sawdust. Students 
were reminded to include a control but no other 
instructions were given.
Students acquired a variety of inquiry skills by 
performing these experiments. Most activities centered on
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the skills of formulating hypotheses, observing, 
identifying and controlling variables, recording 
observations, analyzing data, graphing, and concluding.
All of these are components of the methods of science as 
are the skills of recognizing problems and asking 
questions, experimenting, designing procedures, 
interpreting data, and communicating results. These were 
also covered in the textbook and laboratory activities. 
Students learned these skills at the COMPREHENSION and 
APPLICATION levels.
The major difference between the BSCS labs and the 
laboratory exercises for the MB texts was that the BSCS 
labs focused on particular skills and helped students to 
develop these skills by using them. This was in contrast 
to the MB lab which was an example of guided inquiry. This 
type of lab helped the student to develop a number of 
inquiry skills through performing the experiment.
Classification.
Classification was presented through an historical 
approach in all texts. Three BSCS textbooks (BSCS Blue 
1963, 1968, and BSCS Green 1968) included lab activities on 
this topic. Through these presentations students acquired 
an orientation to science which centered on recognizing 
patterns and relationships (8/8) and questioning (6/8).
The tentativeness of classification was stressed in three
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texts: MB 1965, MB 1969, and BSCS Blue 1963. This was
accomplished through statements similar to the following: 
"While classification is a convenience, it is important to 
remember that it is of man's devising, and that in the 
future we may learn new ways of grouping organisms that 
will more accurately reflect their evolutionary 
relationships" (MB, 1965, p. 207). Students also gained 
knowledge of scientific terminology in all books.
Knowledge of models was also acquired in five texts.
A variety of inquiry skills were learned through 
studying this topic. Classifying, observing, and 
recognizing the need for a theoretical model were stressed 
in all textbooks. Seven presented the skill of 
communicating results. The BSCS Green textbooks and MB 
1960 also expected students to integrate the material with 
previous knowledge. In the BSCS texts, discussions cycled 
back to previously learned concepts on classification and 
then expanded the concepts by integrating new material. 
Interpreting data was a skill that was covered in the BSCS 
texts (Blue 1963, Green 1963, and Green 1968). This was 
accomplished in the BSCS Blue 1963 text through a 
discussion on the reclassification of the horseshoe crab, 
Limulus. Data was presented and interpreted. This example 
also incorporated the tentativeness of classification. All 
skills were learned on the KNOWLEDGE level. End of the 
chapter review questions concentrated on the COMPREHENSION
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and APPLICATION levels of learning for all textbooks.
Laboratory activities supplemented the textual 
discussion in the four BSCS textbooks and MB 1969. The 
labs were integrated into the units and used to introduce a 
new concept or reinforce a learned concept. Most of the 
activities dealt with various aspects of dichotomous keys.
In Biology Investigations. the lab manual for Modern 
Biology (1969), a confirmation-verification lab was 
included on classification. The pencil-and-paper activity 
dealt with studying pictures of fish and using a key to 
classify and identify them. In contrast, the structured 
inquiry lab "Investigating and classifying various living 
things" in BSCS Blue 1968, allowed the students to culture 
microorganisms and then devise a way to classify them. The 
only guided inquiry lab for this topic was in the BSCS 
Green 1968 text. It had students create a dichotomous key 
for angiosperm leaves.
Through these laboratory activities, students acquired 
a variety of inquiry skills. All of the labs for 
classification focused on classifying, observing, and 
recording observations. The labs in the BSCS Green texts 
and MB (1969) also included recognizing the need for a 
theoretical model. The BSCS Green texts and the BSCS Blue 
1968 text focused on interpreting data. One of each type 
of text had labs which utilized identifying and applying 
content in a new context. These skills were learned at the
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COMPREHENSION, APPLICATION, and ANALYSIS levels and 
reinforced the skills which the students had acquired from 
reading their textbooks.
Amphibians.
Through their study of amphibians, students acquired 
an orientation to science which centered on recognizing 
patterns and relationships in all texts. The MB textbooks 
included being aware of the social implications of science 
for this topic in their discussion on the economic 
importance of the frog. Gained knowledge was predominantly 
in the form of classification. Scientific terminology was 
learned by students reading the MB texts. The two most 
acquired inquiry skills were classifying and observing 
(8/8). The MB textbooks stressed integrating material with 
previous knowledge. All of these skills were presented on 
the KNOWLEDGE level. End of the chapter reviews stressed 
KNOWLEDGE (4/8) and COMPREHENSION (6/8) also. The BSCS 
Blue and Green 1968 editions did not have chapter reviews 
on this subject.
The difference between the two types of textbooks, 
traditional and reform, was evident in the presentation of 
material on amphibians but was not necessarily evident in 
the skills acquired from studying the topic. In the MB 
texts, amphibia were given an extensive detailed 
presentation in an entire chapter which included diagrams
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and the Trans-Visions sections. Content centered on the 
different orders of amphibia and the anatomy and physiology 
of frogs. In the BSCS texts, a limited introduction to the 
class of amphibians was presented. Often this consisted of 
only a few sentences or a short paragraph. Throughout the 
rest of the text, frogs were used to illustrate other 
biological principles, such as embryology and muscle 
action.
The laboratory activities reflected the fundamental 
difference in the texts. Labs were included as extension 
activities in the four BSCS textbooks. The MB laboratory 
was one of dissecting a preserved specimen to illustrate 
vertebrate structures. This lab was a typical 
confirmation-verification type of lab used to reinforce an 
already learned concept. In the BSCS Green laboratory 
activities, students worked with live, pithed, and dead 
frogs in an effort to determine the relationship of 
structure and function (one of the themes of the BSCS 
curricula) in the frog. In the BSCS Blue texts, in 
addition to a structure and function lab, frogs were 
utilized in lab activities which illustrated capillary 
circulation, hormone action, and muscle contraction in 
smooth, cardiac, and skeletal muscles. The hormone lab 
noted that dissection was a possible additional 
investigation.
The BSCS labs were structured inquiries where students
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had opportunities to discover relationships on their own 
and in some cases these labs were used to introduce new 
concepts as well as reinforce them. Students acquired 
inquiry skills through performing laboratory techniques 
which concentrated on classifying, observing, and recording 
observations. These are virtually the same skills stressed 
in all of the text presentations but these skills were 
learned at the level of COMPREHENSION due to active 
learning.
Heredity.
The topic of heredity was approached from an 
historical perspective in all of the secondary texts.
Punnet squares were only used to supplement the 
presentations in the Modern Biology texts. Students 
acquired an orientation to science through skills such as 
collecting data (7/8) and recognizing patterns and 
relationships (7/8). Questioning was stressed in five 
texts. The textbooks published after 1965 included 
demanding verification in their discussions. Students 
gained knowledge on principles and laws, and scientific 
terminology in all of the texts. Classification was 
presented to students in seven texts, the exception being 
BSCS Blue 1963. Students gained knowledge of models in the 
MB texts only.
A variety of inquiry skills were included in
discussions on heredity. Experimenting, designing 
procedures, identifying and controlling variables, 
classifying, computational skills, and translating content 
from one symbolic form to another permeated the discussions 
in all of the texts. Observing (7/8), concluding (6/8), 
communicating results (6/8), and replicating procedures 
(5/8) were also prominent skills. Textual accounts 
included various interpretations of Mendel's use of the 
scientific method to determine genetic principles, so it is 
not surprising that the majority of these skills were 
related to the skills of the scientific method. Regardless 
of the textual approach, skills were presented on the 
KNOWLEDGE level in most books. Only in one book, BSCS Blue 
1963, was it determined that students would learn these 
skills at the COMPREHENSION level due to the integration of 
genetics problems throughout the chapter. End of the 
chapter review questions were concentrated on the 
COMPREHENSION and APPLICATION levels in all texts. The MB 
books included questions on the KNOWLEDGE level and two 
BSCS texts had questions on the ANALYSIS level.
Laboratory activities were integrated with BSCS 
textual accounts to give an active dimension to learning 
about heredity. In all five texts which had labs (the BSCS 
texts and MB 1969), they were used to reinforce a learned • 
concept. Labs were used to introduce a topic only in the 
BSCS Green 1968. All texts included labs which were
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classified as structured inquiry. The majority of these 
activities were found in the BSCS texts and concentrated on 
the inheritance of traits in Drosophila (fruit flies) or 
the genetic differences in peas. In the MB (1969) lab 
manual, the students were told to interview individuals and 
test their knowledge of principles of genetics. Two 
textbooks also had labs which confirmed and verified.
These activities were found in the MB lab manual and in the 
BSCS Blue 1963 text. They utilized strategies such as 
interviewing family members in regards to genetic traits 
(BSCS) and workbook type exercises to practice Mendelian 
principles and laws (MB).
These labs and exercises promoted various inquiry 
skills. Observing, recording observations, computational 
skills, and interpreting data were included in all texts. 
Students acquired the skills of performing laboratory 
techniques, experimenting, predicting, classifying, 
replicating procedures, analyzing data, and integrating 
material with previous knowledge in four textbooks. The MB 
labs included classifying, replicating procedures, and 
integrating material with previous knowledge. Students 
also acquired the following skills: recognizing the need 
for a theoretical model, identifying and controlling 
variables, concluding, communicating results, and 
translating content from one symbolic form to another in 
three textbooks. All of these skills were learned on the
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COMPREHENSION level through the various lab activities.
The BSCS Green texts had students learning skills on the 
APPLICATION level and the Green 1968 edition promoted 
SYNTHESIS through the lab on genetic differences in peas.
Ecology.
Through studying ecology, students acquired an 
orientation to science which included several skills. 
Recognizing patterns and relationships was presented in all 
of the texts. The texts also presented the material in 
such a way that students would be aware of the social 
implications of science in the four MB textbooks. Half of 
the texts discussed collecting data. This was treated in a 
very unusual manner in the BSCS Blue 1963 text. Succession 
was illustrated by a series of photographs of fields in 
various stages of succession. Textual material then 
discussed what data could be collected in each of these 
stages in a field situation. In most texts, succession was 
demonstrated through a series of stylized illustrations. 
Considering consequences was also an orientation which 
received attention in the topic of ecology in six texts.
Students gained knowledge of several important skills 
of biology. Seven texts stressed classification, 
scientific terminology and the concepts of ecology. In two 
texts students gained information on models. Scientific 
techniques and procedures were only discussed in MB 1963.
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Inquiry skills centered around classifying, observing, and 
measuring. Translating content from one symbolic form to 
another appeared in the texts principally in the form of 
constructing food pyramids or webs. All skills were 
presented on the KNOWLEDGE level when laboratory activities 
were not included in computing the level of learning. 
However, end of the chapter reviews focused on the 
COMPREHENSION and APPLICATION levels of Bloom's taxonomy.
Laboratory activities added an active dimension to 
learning the topic of ecology. Five textbooks included 
some lab work in' this area to reinforce the concepts 
learned in the texts. In three textbooks (BSCS Green 
editions and MB 1969), the activities were integrated into 
the unit. Two texts, the BSCS Blue editions, included only 
supplemental lab work on food chains.
Numerous inquiry skills were presented in the lab 
activities. The labs were comprised of three basic 
activities: succession in a freshwater community, a study
of habitats, and a study of nutritional relationships. 
Succession in a freshwater community was an activity which 
examined the succession of microorganisms in pond water. 
This is similar to the activity that was suggested in the 
1950 edition of MB. But in this time period, it was seen 
only in the BSCS Green texts. Habitats were studied in the 
BSCS and MB texts through field trips to various types of 
biotic communities. The MB lab manual included an activity
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which focused on constructing a food chain and pyramid from 
the study of a biotic community. All of the activities 
included the skills of observing, measuring, interpreting 
data, and integrating material with previous knowledge.
Most books incorporated classifying, experimenting, and 
recording observations into the labs. Other skills which 
were present in a majority of activities were identifying 
and controlling variables, concluding, and identifying and 
applying content in a new context. All of the skills were 
learned at the COMPREHENSION level in all of the lab 
activities.
College Biology Textbooks
Seven college biology textbooks published in the 
1960's were analyzed. Two texts, authored by Villee and 
Weisz, were a continuation in a series of previously 
published texts. Two additional texts, Keeton and Curtis, 
were the first texts in a series which would be published. 
Only one lab manual published during this time period was 
available for analysis. Complete results for all the texts 
can be found in Table 5 on pages 152-154.
Scientific Method.
This topic was approached through an introduction in 
five textbooks. Two texts, Kimball (1965) and Curtis 
(1968), included nothing on the methods of science. No lab
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activity was mentioned or included in the textbooks, and 
the only lab manual available for analysis also did not 
include any activities on this topic.
Students acquired an orientation to science through 
various skills. All texts stressed demanding verification. 
Questioning, respecting logic, collecting data, and 
recognizing patterns and relationships were each considered 
in four textbooks. The skill being aware of the social 
implications of science was presented in three texts. Only 
the Weisz textbooks included recognizing scientific 
development's dependence on a multitude of factors.
Students gained knowledge of models in all of the texts. 
Theories and principles and laws were stressed in the same 
four texts while only the Villee editions included 
information on scientific terminology and information 
sources.
Students were exposed to various inquiry skills in the 
textbooks. All texts covered the skills of experimenting, 
forming hypotheses, designing procedures, predicting, 
observing, replicating procedures, and concluding. 
Recognizing problems and asking questions, identifying and 
controlling variables, verifying, analyzing data, 
interpreting data, and communicating results were included 
in four texts each. Three textbooks included generalizing, 
computational skills, and forming theories in their 
discussions of the scientific method. Thus, the skills
128
generally associated with the scientific method were given 
adequate treatment in the college texts. But it is 
interesting to note the lack of the skill of identifying 
and applying content in a new context. This skill which is 
crucial to teachers appeared in only one text, Weisz
(1967). All of these skills were presented on the 
KNOWLEDGE level. End of the chapter review questions were 
distributed over several levels from KNOWLEDGE to SYNTHESIS 
with the majority concentrated in the COMPREHENSION and 
APPLICATION levels. One text, Keeton (1967), did not have 
review questions.
Classification.
Classification was handled through an historical 
approach in all texts. No lab activity was mentioned in 
any of the college biology texts. Students acquired an 
orientation to science solely through the skill of 
recognizing patterns and relationships. Students gained 
knowledge of classification and scientific terminology in 
all of the texts. Classifying was the only inquiry skill 
covered in all of the texts. Four books included the skill 
of communicating results. The additional skills of 
observing and recognizing the need for a theoretical model 
were each discussed in three texts. All of these skills 
were presented on the KNOWLEDGE level in all of the 
textbooks. End of the chapter review questions focused
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principally on the COMPREHENSION level (5/7) although there 
were questions on other levels, including KNOWLEDGE (2/7), 
APPLICATION (1/7), and ANALYSIS (1/7).
The laboratory manual reviewed, R. Brown (1961), 
contained one lab activity on classification. Students 
were instructed to design a classification key for the 
specimens which were assigned to their lab group. An 
example of a key was included along with background 
information. A variety of inquiry skills were included in 
this exercise. Students acquired skills of recognizing the 
need for a theoretical model, designing procedures, 
classifying, identifying and controlling variables, 
observing, recording observations, translating content from 
one symbolic form to another, and communicating results.
It is interesting that this lab was located near the 
end of the manual (Exercise 30 out of 34) after the classes 
and phyla of plants and animals had already been studied. 
This gives the impression that the activity was designed to 
reinforce and review what had been previously studied. As 
such, it promoted the inquiry skills of integrating 
material with previous knowledge and identifying and 
applying content in a new context. The lab does leave open 
the option to use the activity at a different point in the 
year by stating that the specimens "available for your 
observation are animals from several of the phyla and 
classes you have studied or will study" (p. 188). In
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either case, the activity provided the additional skills in 
classification required for prospective teachers.
Amphibians.
Students acquired an orientation to science which 
centered on recognizing patterns and relationships and 
classification through their study of amphibians in all of 
the college biology texts. Scientific terminology was 
learned in the Villee editions. The inquiry skill of 
observing was stressed in three texts. The Curtis (1968) 
textbook included the skills of recognizing the need for a 
theoretical model, experimenting, concluding, and 
communicating results. Each of these skills was presented 
on the KNOWLEDGE level of Bloom's taxonomy. Review 
questions were absent in three textbooks. When review 
questions were included in the texts, they were 
concentrated on the COMPREHENSION level. Although one text 
had questions on KNOWLEDGE level and another text had 
questions on the APPLICATION level.
No lab activity was mentioned in any textbook but 
there was an activity in the lab manual which was analyzed. 
In Biological Inquiries: A Laboratory Guide for Biology, an 
exercise on amphibians, "Terrestrial vertebrates", was 
included. The dissection lab stressed acquisition of the 
inquiry skills of recognizing the need for a theoretical 
model, identifying and controlling variables, observing,
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verifying, interpreting data, communicating results, and 
integrating material with previous knowledge through 
performing laboratory techniques. The skills acquired in 
this exercise were learned on the COMPREHENSION level.
Heredity.
Heredity was presented through an historical 
perspective in all of the texts. One text, Villee (1967), 
utilized a mathematical approach. Punnet squares were the 
utilized in five texts to convey and clarify subject 
matter. No lab activity on heredity was included or 
mentioned in any of the texts.
Students acquired an orientation to science which 
concentrated on recognizing patterns and relationships in 
all seven texts. The two Villee editions added the skills 
of collecting data and longing to know and understand. 
Curtis (1968) also contained the longing to know and 
understand skill.
Students gained knowledge of principles and laws in 
six out of seven texts. Scientific terminology was also 
presented in five books. Classification knowledge was 
gained in four texts and knowledge of theories in three.
The Villee editions were the only texts to stress models of 
heredity.
Many inquiry skills were gained through the study of 
heredity. All of the texts included computational skills.
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In six textbooks students gained the skills of 
experimenting, observing, and recording observations. 
Classifying, concluding, translating content from one 
symbolic form to another, and communicating results were 
presented in five books. Predicting and identifying and 
controlling variables were each present in four texts. The 
Villee texts included the skill of inferring.
All of these skills were presented on the KNOWLEDGE 
level in the textbooks. End of the chapter review 
questions, however, focused on the KNOWLEDGE (4/7), 
COMPREHENSION (6/7), APPLICATION (5/7), ANALYSIS (2/7), and 
SYNTHESIS (2/7) levels. The Villee textbooks had questions 
which were concentrated on the ANALYSIS and SYNTHESIS 
levels. One text, Curtis (1968), had no review questions.
In R. Brown (1961), the lab that was included on 
genetics was essentially a worksheet of various genetics 
problems. There was no laboratory work similar to that 
found in the BSCS texts with Drosophila or peas.
Ecology.
The most utilized skills for acquiring an orientation 
to science were recognizing patterns and relationships 
(6/7) and considering consequences (5/7) for the topic of 
ecology. Students gained knowledge of concepts in all 
texts. Classification knowledge was conveyed in six books 
and scientific terminology was presented in four texts.
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Villee (1962 & 1967) Included information on principles and 
laws and models in the discussions on heredity. The most 
prominent inquiry skill was classifying which was included 
in six texts. Observing and predicting were only referred 
to in three texts. All of the skills were presented on the 
KNOWLEDGE level through the textbook material. The end of 
the chapter review questions focused on the KNOWLEDGE 
(2/7), COMPREHENSION (5/7), and APPLICATION (3/7) levels. 
Two textbooks, Keeton (1967) and Curtis (1968), had no 
review questions on this topic.
The laboratory manual available for analysis for the 
1960's had one lab activity on ecology entitled "Field 
Trip". This was a guided inquiry activity which dealt with 
collecting data from various habitats. Instructions were 
nebulous, and it was basically left up the students to 
design the lab and collect data. Students were then 
instructed to generate a report "describing the community 
of organisms that live there and the adaptations and 
interrelations among these organisms" (R. Brown, 1961, p. 
208). The inquiry skills acquired by performing this 
exercise were designing procedures, classifying, observing, 
recording observations, identifying and controlling 
variables, interpreting data, concluding and integrating 
material with previous knowledge. This activity promoted 
learning on the APPLICATION and SYNTHESIS levels which 
would significantly improve a student's understanding of
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ecology when compared to just a textbook presentation. It 
also prepared prospective teachers for teaching similar 
high school laboratory activities since the skills gained 
were comparable to those of the high school labs.
Teacher Education Textbooks
Fourteen methods textbooks were published during the 
1960's. Eight of these texts were on teaching science in 
general and included an explanation of other subject areas 
such as chemistry and physics. Six textbooks were 
specifically on biology teaching. Seven texts approached 
the topics which were included from an historical 
perspective. Only one text, Romey (1968), added a 
discussion on geology. Data tables containing the complete 
results for method textbooks can be found in Table 6 on 
pages 155-160.
Laboratory activities were included in five textbooks. 
In Voss and Brown (1968), the laboratory activities were 
used as examples to illustrate various educational concepts 
and ideas. Morholt, Brandwein and Joseph (1966) was an 
updated and expanded edition of the 1958 edition. It 
continued to be a resource textbook of activities, 
demonstrations, and background information on experiments 
for teachers. The other three texts, Schwab (1963), Sund 
and Trowbridge (1967), and Romey (1968), had laboratory 
activities integrated into the units to give examples of
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concepts and to provide prospective teachers with practice 
in applying those concepts. Nine textbooks had no 
laboratory activities included.
Through their methods textbooks, prospective teachers 
acquired an orientation to science which consisted of 
various skills. Twelve books included questioning in their 
discussions on science teaching. The two exceptions were 
Lacey (1966) and Harding, Volker, and Fagle (1969). 
Recognizing patterns and relationships was present in 
eleven texts. Students were exposed to the skill of 
longing to know and understand in ten books. Nine texts 
included collecting data and eight books presented the 
skill recognizing the limits of science. Respecting logic 
was present in half of the texts written in this time 
period. Other skills included demanding verification 
(6/14), considering consequences (5/14), and being aware of 
the social implications of science (5/14). The Washton 
textbooks were the only texts of this period to emphasize 
the tentativeness of science.
Students acquired this orientation through reading the 
text in all cases. For the Schwab (1963) text, discussion 
and activities were suggested as additional dimensions of 
learning. Romey (1968) also added an active dimension to 
learning the material through activities which required the 
prospective teacher to apply the concepts being learned.
Students gained knowledge of educational topics in
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twelve textbooks. Scientific knowledge was learned from 
nine books, and three texts conveyed biological knowledge. 
In most textbooks, concepts were presented (13/14). In 
half of the books, principles and laws were also presented. 
Only five texts provided students with knowledge of models.
Students acquired a variety of inquiry skills through 
reading their textbooks (14/14), discussing (2/14), and 
completing activities (2/14). Discussion was advocated in 
Schwab (1963) and Voss and Brown (1968). Activities were 
included in Schwab (1963) and Romey (1968). Observing and 
communicating results were skills present in thirteen 
textbooks. Forming hypotheses, designing procedures, 
experimenting, and recording observations were stressed in 
twelve books. Eleven texts discussed the skill of 
analyzing data. Three skills were each discussed in ten 
books: recognizing problems and asking questions,
identifying and controlling variables, and concluding.
Nine books included the skill of interpreting data and 
eight contained information on identifying and applying 
content in a new context and generalizing. Only half of 
the textbooks included the skills of predicting, 
classifying, graphing, and using computational skills.
Only six books discussed performing laboratory techniques, 
replicating procedures, inferring, cause and effect, and 
translating content from one symbolic form to another.
Only four textbooks referred to the skill of integrating
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material with previous knowledge.
An analysis of these skills gives a clue to the change 
that was occurring in biology education. Several of these 
skills received more attention in the methods textbooks 
published in the 1960's than those published previously. 
Forming hypotheses, designing procedures, recording 
observations, and predicting, all increased in occurrence 
and received a more prominent place in the books.
Predicting, performing laboratory techniques and 
computational skills also received more attention in the 
texts. Some skills which had not been mentioned in the 
previous time period were beginning to be included in 
texts. Measuring, extrapolating, interpolating, and 
inferring are examples of these skills. Several skills 
which were more prominent in previous textbooks such as 
verifying and replicating procedures were now receiving 
less attention. This signifies that the emphasis was 
shifting to inquiry methods of teaching.
All of these skills were presented on the KNOWLEDGE 
level in thirteen texts. The exception was the Romey
(1968) text which promoted learning on the COMPREHENSION 
level due to the activities which were included. Most 
learning was passive, but in four texts provision was made 
for active learning with creative responses. For example, 
in Harding, Volker, and Fagle (1969), students were asked 
to select a topic which they would like to include in their
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teaching of high school biology. They were then instructed 
to think of five ways the topic could be introduced to a 
class, but they could not use demonstrations, filmstrips, 
or films. End of the chapter review questions and 
activities focused on the KNOWLEDGE (2/14), COMPREHENSION 
(7/14), APPLICATION (10/14), ANALYSIS (9/14), SYNTHESIS 
(8/14), and EVALUATION (4/14) levels of Bloom's taxonomy. 
Four textbooks had no review questions.
The teacher education methods textbooks of the 1960's 
continued to convey more than just the information and 
skills of science. They also dealt with some of the same 
science education topics which were present in methods 
texts of the 1950's— topics which would help the 
prospective teacher effectively present biology to 
students.
Science teaching was discussed in thirteen of the 
fourteen methods textbooks. The exception was the Morholt, 
Brandwein, and Joseph (1966) text. Objectives received the 
most attention in this category and were discussed in nine 
textbooks. Psychological principles and principles of 
learning were covered in eight texts each. The goals of 
teaching science were only included in six books. The 
problems associated with science teaching were only 
discussed in three texts and principles of teaching were 
only covered in one text (Sund & Trowbridge, 1967).
Curriculum trends were examined in ten texts.
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Innovations and the historical perspective on trends were 
the topics which received the most attention and were 
present in six texts each. Current trends were mentioned 
in only four books and future trends were mentioned in only 
one text, Voss and Brown (1968). New teaching technologies 
such as audio-tutorial instruction and computer assisted 
instruction were mentioned in Voss and Brown (1968) as new 
curriculum trends.
All of the methods textbooks, with the exception of 
Schwab (1963), conveyed information on planning. Ten texts 
contained information on lesson plans and unit planning. 
Planning facilities was covered in eight books. Planning 
yearly course content received attention in seven texts.
It is interesting that only six textbooks discussed 
planning laboratory activities. This seems to be an 
anomaly since the inquiry method of teaching requires 
extensive use of the laboratory. Teachers would need to 
know how to plan in order to use the lab efficiently and 
effectively. This possibly indicates that a shift was 
occurring, but it was not completely manifested on the 
teacher education level during this time period.
Teaching methods were examined in all of the 
textbooks. Laboratory activities were discussed in all of 
the texts. Demonstrations and projects were covered in 
thirteen books. Twelve texts included information on 
discussions. Questioning and inquiry were presented in ten
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texts each. All of these were essential elements to the 
methods of teaching which were being advocated by 
reformers. Methods such as lecture (9/14), guest speakers 
(8/14), student reports (8/14), and text-recitation (6/14) 
received less attention. Also new methods were mentioned 
such as team teaching, programmed learning, and teaching 
machines.
Thirteen textbooks contained examples for prospective 
teachers to study. These included examples of inquiry 
(9/14), and student and class experiments (8/14). Examples 
of demonstrations and student projects were also present in 
six texts each. Sample lesson plans were included in seven 
texts. Examples of "Invitations to Inquiry" which were 
designed to be used in conjunction with the BSCS texts were 
included in Schwab's textbook (1963).
All methods textbooks discussed various forms of 
media. Eleven texts listed sources for media. Field trips 
and films were covered in all of the texts. Filmstrips and 
slides were advocated in eleven books. Ten textbooks 
included information on the use of television, radio, and 
overheads in the classroom. Prospective teachers were also 
taught about using chalkboards (9/14), photographs and 
pictures (8/14), models (8/14), displays (7/14), charts 
(7/14), and records (6/14). Only three books discussed the 
use of specimens.
Textbooks were a media form that occupied a prominent
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place in the classroom. All fourteen of the teacher 
education methods texts included information on textbooks. 
Discussion concentrated on the selection of library 
materials (11/14) and the criteria for selection of texts 
(10/14). Only five books contained the topic of workbooks 
and only three texts included information on laboratory 
manuals. Four textbooks listed sources for secondary 
textbooks.
Materials and equipment were essential to the type of 
program which was advocated by reformers. Therefore, it 
was important that teachers received instruction in this 
area. Thirteen methods textbooks did include information 
on this topic, the exception being the Woodburn (1965) 
text. Ten texts contained information on the sources of 
equipment. Relatively few textbooks discussed how to 
select (3/14), purchase (5/14), or maintain (4/14) 
materials and equipment. Only four textbooks included a 
checklist of necessary materials and equipment.
Facilities were also crucial to the changes which were 
being advocated by curriculum reformers. Eleven methods 
texts included information on facilities. Ten of these 
texts discussed arrangements of science rooms which would 
promote learning. Storage of equipment was also a concern 
which was covered in eight texts. An interesting addition 
in the textbooks of this time period was information on 
obtaining federal aid to improve facilities. This topic
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was included in four texts, Thurber and Collette (1964), 
Lacey (1966), Washton (1967), and Voss and Brown (1968).
Prospective teachers also needed an understanding of 
students in order to effectively use the tools of teaching 
to promote learning. Thus, the topic of students was 
addressed in thirteen texts. Discussions were generally 
centered around the gifted (10/14) or below average student 
(9/14). Some textbooks included information on deprived 
students (4/14), retarded readers (1/14), or the 
handicapped (1/14) in an effort to expose teachers to 
representative types of students which may be encountered. 
This reflected the emphasis on the "slow learner" and the 
"disadvantaged" prevalent in the 1960's (Dede & Hardin, 
1973). Most texts included tips on motivating students 
(9/14). Only a handful of textbooks relayed information on 
readiness (4/14) and the cognitive (5/14), affective 
(6/14), and psychomotor (5/14) areas of development. 
Classroom management received attention in half of the 
methods books, an increase over the previous decade.
Prospective teachers were also given information on 
evaluation in all the methods textbooks. The purposes and 
types of evaluation were discussed in nine and ten texts 
respectively. The major emphasis of evaluation was on 
testing. Thirteen texts covered tests, the exception being 
Lacey (1966). Eleven books discussed the various types of 
tests that teachers could use in a testing program. Sample
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questions were included in ten texts. Nine books included 
information on test construction. It is interesting that 
only three textbooks discussed the evaluation of projects, 
and only four books mentioned evaluating laboratory 
exercises. However, this was an increase when compared to 
the methods textbooks of the 1950's. No textbook included 
advice on grading term papers. Six books included 
information on evaluating teaching which indicates a 
definite change from the texts of the 1950's. Only three 
mentioned the evaluation of the course.
Background information which would be valuable for 
teachers was included in nine of the methods texts. Topics 
which appeared under this heading were collecting specimens 
(6/14), preserving specimens (4/14), preparing necessary 
solutions (5/14) and preparing cultures (4/14). Schwab 
(1963) included information on statistics, physics, 
chemistry, energy, biochemistry, laboratory blocks, and 
career education. Background information on these topics 
was necessary for teachers to effectively teach the BSCS 
curricula.
Teachers were also given information on professional 
issues in twelve textbooks. Attention was given to 
professional development (8/14) and references were 
included which would help the teacher remain up to date. 
Organizational membership was also suggested in seven 
texts. Only one text, Woodburn (1965), covered the
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responsibilities of a teacher. It is interesting that only 
Romey (1968) mentioned the development of a teaching style. 
This seems odd since that should be one of the purposes of 
a methods class— to help a teacher begin to explore and 
develop their own teaching style.
Teacher Education Course Descriptions and Svllabi
A number of course descriptions and syllabi from 
methods courses were published in journals during the 
1960's. These gave the researcher a view of what topics 
these courses concentrated on, and how this related to the 
content of methods textbooks. Most classes ranged from 
eight weeks in length at the University of Maryland 
(Lockard, 1965) to a year in length at the State University 
of New York at Buffalo. Courses were taken during the 
senior year, often in conjunction with student teaching.
It was assumed that prospective teachers had a thorough 
background in science content (Winter & Woock, 1965) 
especially since they had taken some of the same courses as 
biology majors (Burkman, 1965). Thus, methods courses 
concentrated on "objectives, methods, and materials"
(Winter & Woock, 1965, p. 134). Courses generally included 
topics such as objectives, lesson planning, unit planning, 
the "do's and don'ts" of a variety of teaching methods 
(Winter & Woock, 1965), the use of media in the classroom, 
evaluation, and the study of a variety of curricula. These
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are some of the same topics presented in methods textbooks.
Prospective teachers were often required to perform 
demonstrations in front of the methods class. This was 
reported by Newton and Watson (1968) as one of the most 
used teaching methods in methods courses. Often, 
prospective teachers observed as a team of teachers 
presented demonstrations, as at San Jose State College, 
(Selberg & Vessel, 1965) or as their science methods 
instructor taught an actual high school science class, as 
at Florida State University (Burkman, 1965).
In contrast, at Purdue University, prospective 
teachers used the BSCS Blue textbooks and performed some of 
the activities that their potential students would (Novak, 
1965) as has been advocated by Zoller and Watson (1974). 
Here students received little instruction in planning since 
the course relied "heavily on the organization of material 
in the textbook" (Novak, 1965, p. 150). It was felt that 
"if an up-to-date textbook is used, such as one of the BSCS 
books, the beginning teacher probably cannot improve on the 
subject matter organization of the book and laboratory 
program" (Novak, 1965, p. 150).
On the other hand, students at Slippery Rock State 
College were required to develop their own course syllabus, 
and present a lab session, discussion session, and a 
demonstration from that course syllabus. They also were 
required to prepare a budget for equipment and supplies and
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received instruction on techniques specific to science 
classes such as the use of microscopes and the use of 
"devices to keep students from stealing scalpels" (Medve, 
1968, p. 815).
It would seem from these course descriptions (which 
have been labelled as model courses by the journal 
publishers) that even though the methods textbooks of the 
1960's were focusing more on inquiry, prospective teachers 
were still not gaining, for the most part, the practical 
hands-on experience with the inquiry teaching method 
through their methods courses.
Summary
The 1960's secondary textbooks definitely reflected 
the change that was occurring in science education. This 
was apparent in the shift away from the textbooks as 
depositories of knowledge. The reform texts incorporated 
hands-on laboratory activities into the units, often right 
in the textbooks themselves. Students actually performed 
the laboratory activities which was in contrast to the 
teacher demonstrations used in the previous time period. 
Through these activities, students gained knowledge by 
experiencing the scientific enterprise. They were not 
confined to just reading about it. Therefore, students 
received a different orientation to science and acquired 
more inquiry skills. This challenged the students'
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thinking abilities and promoted higher levels of thinking 
and learning according to Bloom's taxonomy.
College biology textbooks changed very little from 
those of the 1950's. The most apparent difference was the 
increase in the section on heredity. This was to be 
expected due to the revolution occurring in the area of 
genetics during the 1960's. There was an increase in the 
occurrence of the orientation of recognizing the limits of 
science. This was also characteristic of the prevailing 
thought of the time period and the reformers. Inquiry 
skills increased ever so slightly, appearing in one or two 
more texts in an area than those of the 1950's.
Thus, when the secondary textbooks were compared to 
the college biology books, the biggest change was evident 
in those on the high school level. Students were exposed 
to more skills and received a different orientation to 
science in the high school books. The high school texts 
also were becoming more theoretical.
Teachers who used the secondary textbooks no longer 
had the role of dispenser of knowledge as seen in the 
1950's. Their role changed to that of a coordinator of 
learning activities as exemplified by the BSCS curricula. 
This change was reflected in the teacher education methods 
textbooks which included an increased focus on laboratory 
activities, experiments, and lesson plans. There was also 
an increase in the focus on evaluation which was manifested
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through references to student testing, course evaluation, 
and the evaluation of classroom teaching.
The teacher education methods textbooks displayed an 
increase in skills that were promoted, but these skills 
were covered generically. In most cases, they did not 
apply specifically to biology or a particular curriculum. 
Prospective teachers were being told about inquiry teaching 
through their textbooks, but it appears unlikely that they 
were gaining experience with this type of teaching as seen 
from the course descriptions and syllabi.
Koran (1969) discussed the problem of training 
teachers for the reform curricula which was inquiry based. 
He noted that it was probable that classroom instruction in 
a methods course effected knowledge acquisition about 
curriculum but not the acquisition of behaviors that 
equipped teachers to teach the curriculum. The ROSES 
report (Newton & Watson, 1968) confirmed Koran's suspicion. 
It was also verified by the analyses of the methods texts 
of this time period. The texts may have discussed BSCS but 
did not necessarily give teachers practice in the 
activities and skills needed to teach it. Evidence which 
supports this was the lack of concentration on planning lab 
activities, the securing of equipment, and actually giving 
the prospective teacher experience with inquiry activities 
in the methods course.
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Table 4
Composite Evaluation Form for
Textbooks:
1. Modern Biology 1960
3. BSCS Green 1963
5. Modern Biology 1965
7. BSCS Green 1968
Topics:
SM. Scientific Method 
A. Amphibians 
E. Ecology
Secondary Textbooks: 1960's
2. BSCS Blue 1963
4. Modern Biology 1963
6. BSCS Blue 1968
8. Modern Biology 1969
C. Classification
H. Heredity
Skill_________________________________________________ Topic
SM C A H E
General approach subiect:
bioloaical -3 8/8 8/8 8/8 8/8
chemical
physical
socioloaical
economical
technoloaical
historical 2 6 8/8 8/8
bioaraohical
mathematical
environmental
introduction -7 1236
other
subiect not mentioned
Devices used: None
ohotoaraohs 8/8 8/8 12458 2357 8/8
illustrations 2 6 -5 -8 8/8 8/8 -8
charts 3457 1347 5
araohs 4 2 3
diaarams 2 6 1458 2348
tables -3 -7 8/8
ouotes 2 6 2 6 2
simulations/aames
maos 2
Punnet Bouares 1458
Learnincr obiects/examples:
uniaue to science 8/8 -7 8/8 -3 -5 8/8
common to evervdav life 245 8/8 8 3 5 234
Lab activity is included:
ves -5 -8 2367 2367 2367 -1 -4
intearated 2367 267 2367 267
additional 1 4 3 5
extension 3 2367 5
no 5 8 1458 1458 1458 1 4
Orientation to science:
readina 8/8 8/8 8/8 8/8 8/8
discussina
doina -5 -8 267 2367 23467
lonaina to know and understand 1 tfl 1 00 5 236
ouestionina 8/8 -2 -6 7 34578 2 7
respectina loaic 148 3 1458
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SM C A H E
considerina conseauences -2 -7
collectina data -3 2568 -7 2468
demandina verification 8/8 5678
recoanizina patterns & relationships 34568 8/8 8/8 -7 8/8
recoanizina limits of science 2 1
recoanizina scientific development 5
beina aware of social implications 145 5 1458 4568
tentativeness 2 8
Gains knowledae:
readina 8/8 8/8 8/8 8/8 8/8
do ina -5 -8 267 7 2367 23467
facts
concepts 2 -6
theories 268 2 2367 5
principles/laws 145 8/8 2 5
models 8/8 45678 1458 2 8
classification 1458 8/8 8/8 -2 -1
information sources
scientific terminoloav 1246 8/8 1458 8/8 -1
scientific techniaues/procedures 245 7 4
Acauires inauirv skills:
readina 8/8 8/8 8/8 8/8 8/8
discussina
do ina -5 -8 267 267 23467
recoanizina problems & askina Questions 8/8 1 358
recoanizina need for theoretical model 1458 8/8 2
deducina hypothesis from theoretical model 45
experimentina 8/8 2 6 2 8/8 3
performina laboratory techniaues 7 2
formulatina hypotheses -3 2 6 3 8 2 6
desianina procedures -3 8/8
operationally definina
aeneralizina 3 7 2
predictina 26 2568 5 8
classifvina 8/8 8/8 8/8 -1
identifvina & controllina variables -3 -6 8/8 345
observina 8/8 8/8 -6 8/8
recordina observations 8/8 7 2568 4
measurina 8/8 34578
verifvina 8/8 7 235 7 8
reolicatina procedure -1 -4 23567 4
analvzina data 8 7 236 2 6
orocessina experimental data
computational skills 14578 8/8 4 7
araohina 1458 2 3
interpretina data 26 237 2 7 2
inferrina
internolatina
extrapolatina
coneludina 14568 -1 -4 6
translatina content from svmbolic forms 1458 8/8 23458
communicatina results -2 -6 -7 6 -3 -7 2 7
identifvina & aoolvina in a new context 1 1458 4 5
intearatina with previous knowledae 458 137 1458 178 2 5
formina theories
Level learns each process:
knowledae 8/8 8/8 8/8 8/8 8/8
comprehension 2 2
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SM C A H E
aDDlication 2
analvsis 2
svnthesis
evaluation
The student: NA 13467 3 6 -7 367 8/8
receives comDlete directions 258 14578 7 12458
ODDortunitv to oraanize unit 2 2
is autonomous
Each arouD of students:
reads the same material 8/8 8/8 8/8 8/8 8/8
does essentially the same task 2
different task/Dart laraer task
Student roles:
oassive 8/8 8/8 8/8 8/8 8/8
active 2367 2 6 7 2367 23467
rote resDonse 2 2 5
creative resDonse 2 2
End of chanter review focuses: NA 6 7
knowledae 258 1578 1458 1458 5
comnrehens ion 8/8 8/8 -6 -7 8/8 8/8
aDDlication 14568 8/8 8/8 -1
analvsis 5 2 7 2 3
svnthesis 58
evaluation
Note. Numbers in the chart signify the presence of the skill in the 
textbook having that number in the chart at the beginning of the Table.
A ratio (8/8) signifies that the skill was present in all 
textbooks.
A [ - ] minus sign in front of a number in the Table signifies 
that the skill was absent in that textbook, but present in all other 
textbooks.
152
Table 5
Composite Evaluation Form for College Textbooks: 1960's
Textbooks:
1. Villee 1962
3. Kimball 1965
5. Villee 1967
7. Curtis 1968
Skill_________________________________________________ Topic
SM C A H E
General approach subiect:
bioloaical 12456 7/7 7/7 7/7 7/7
chemical
phvsical
socioloaical
economical
technoloaical
historical 6 7/7 -2
bioaraohical
mathemat ical 5
environmental
introduct ion 12456 5 347 6
other
subiect not mentioned
Devices used: None 12456
ohotoaraohs 367 7/7 3 7 7
illustrations 2347 1347 -3 7/7
charts 3 6 3 4
araohs
diaarams 3 6 135 5 7 347
tables 246 145 7
ouotes 1 5
simulations/aames
maps 3
Punnet sauares 23457
Learnincr obiects/examples:
unioue to science 12456 7/7 7/7 7/7 7/7
common to evervdav life 1456 4 5
Lab activity is included:
ves 7/7
intearated
additional
extension
no 12456 7/7 7/7 7/7 7/7
Orientation to science:
readina 12456 7/7 7/7 7/7 7/7
discussina
do ina
lonaina to know and understand 6 157
auestionina 1256
resoectina loaic 1245
considerina conseauences 6 1 5 12567
collectina data 1256 1 5
demandina verification 12456 3
recoanizina patterns & relationships 1456 7/7 7/7 7/7 -7
recoanizina limits of science 246
2. Weisz 1963 
4. Keeton 1967 
6. Weisz 1967
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SM C A H E
recoanizina scientific development 2 6
beina aware of social imDlications 156
tentativeness 4 5
Gains knowledae:
readina 12456 7/7 7/7 7/7 7/7
doina
facts 5 6 7
conceDts 7 7 7/7
theories 1256 234
DrinciDles/laws 1256 -4 1 5
models 12456 4 1 5 1 5
classification 7/7 7/7 1234 7/7
information sources 1 5
scientific terminoloav 1 5 7/7 1 5 12345 1345
scientific techniaue/Drocedures
Acauires inauirv skills:
readina 12456 7/7 7/7 7/7 7/7
discussina
doina
recoanizina Droblems & askina Questions 1256
recoanizina need for theoretical model 2 4 156 7 145
deducina hvoothesis from theoretical model 5
exDeriment ina 12456 7 -2
Derformina laboratory techniaues
formulatina hvootheses 12456 237
desianina orocedures 12456 3 7
operationallv definina
aeneralizina 145 4
predictina 12456 12367 157
classifvina 7/7 -7 23457 -7
identifvina & controllina variables 1256 1357
observina 12456 157 157 -6 145
recordina observations -2
measurina 1 5 1
verifvina 1256
reelicatina procedure 12456 3
analvzina data 12456 7
Drocessina experimental data
computational skills 156 7/7 2 3
araphina
interpretina data 1456 3 7
inferrina 1 5
interpolat ina 2
extrapolat ina
concludina 12456 7 23456
translatina content from svmbolic forms 12357 2
communicatina results 1256 1457 7 13457
identifvina & aoolvina in a new context 6 145
intearatina with previous knowledae 1 5 4
formina theories
Level learns each process:
knowledae 12456 7/7 7/7 7/7 7/7
comprehension
application
analvsis
svnthesis
evaluation
SM C A H E
The student: NA 2456 3567 7/7 367 7/7
receives comDlete directions 1 124 1245
ODDortunitv to orcranize unit
is autonomous
Each arouo of students:
reads the same material 12456 7/7 7/7 7/7 7/7
does essentiallv the same task
different task/Dart laraer task
Student roles:
oassive 12456 7/7 7/7 7/7 7/7
active
rote resDonse
creative resDonse
End of chaDter review focuses: NA 4 4 7 347 7 4 7
knowledae 6 3 6 6 1356 3 6
comDrehens ion 125 12356 125 -7 12356
aDDlication 1 5 3 5 13456 135
analvsis 6 3 1 5
svnthesis 5 1 5
evaluation
Note. Numbers in the chart signify the presence of the skill in the 
textbook having that number in the chart at the beginning of the Table.
A ratio (7/7) signifies that the skill was present in all 
textbooks.
A [ - ] minus sign in front of a number in the Table signifies 
that the skill was absent in that textbook, but present in all other 
textbooks.
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Table 6
Composite Evaluation Form for Teacher Education Textbooks:
1960's
Textbooks:
1. Washton 1961 2. Miller & Blaydes 1962
3. Schwab 1963 4. Thurber & Collette 1964
5. Woodburn & Obourn 1965 6. Lacey 1966
7. Morholt, Brandwein, & Joseph 1966
8. Bremner 1967 9. Sund & Trowbridge 1967
10. Washton 1967 11. Romey 1968
12. Thurber & Collette 1968 13. Voss & Brown 1968
14. Harding, Volker, & Fagle 1969
Approach of text: science general 1 4 5 6 9 10 11 12 
biology 2 3 7 8 13 14
General approach to subject matter:
biological 1 2 3 4 5 6 7 8 9 10 11 12 13 14
chemical 1 4 5 6 9 10 11 12
physical 1 4 5 6 9 10 11 12
sociological 2 13
psychological 2 9 13
technological_______
historical 3 5 6 10 12 13 14
biographical_______
mathematical_______
environmental_______
economical_______
introduction_______
None of the above 11
What devices, other than content, are included:
photographs 1 2 3 4 5 7 9 10 12 13 14
illustrations 1 2 3 5 7 9 10 14
charts 3 4 7 12
graphs 2 3 4 7 9 11 12
diagrams 1 2 3 4 6 7 8 9 10 11 12 13 14
tables 1 3 4 6 7 9 10 12
guotes 1 4 5 9 10 12 13 14
simulations/games______
maps______
Learning objects/examples are:
unique to science 1 2 3 4 5 6 7 8 9 10 11 12 13 14
common to everyday life 1
Lab activity is included: yes 3 7 9 11 13
no 1 2 4 5 6 8 10 12 14 
integrated into unit 3 9 11
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additional 3 
extens ion 3
The student acquires an orientation to science by:
reading 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
discussing 3 
doing 3 11
longing to know & understand 2 3 4 5 6 8 9 10 12 13
Questioning 1 2 3 4 5 7 8 9 10 11 12 13
respecting logic 2 4 5 8 9 11 12 
considering consequences 3 4 5 8 12 
collecting data 2 3 4 5 7 8 9  11 12 
demanding verification 2 4 5 8 11 12
recognizing patterns/relationships 3 4 5 6 7 8 9  10 11
12 14
recognizing the limits of science 1 3 4 5 8 9 12 13
recognizing scientific development depends on a
multitude of factors 1 4 13 
being aware of social implications of science 1 5 6 10
1 3___
The student gains knowledge of through:
reading 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
doing ______
educational 1 2 4 5 6 8 9 10 11 12 13 14 
scientific 2 3 4 5 6 10 12 13 14 
biological 3 7 14 
facts______
concepts 1 3 4 5 6 7 8 9 10 11 12 13 14 
theories 6 11
principles/laws 1 2 5 6 10 11 13
models 2 9 10 11 12
classification 3
information sources 5 13 14
scientific terminology 4 12 14
scientific techniques/procedures 2 7 8 14
The student acquires inquiry skills by:
reading 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
discussing 3 13 
doing 3 11
recognizing a problem and asking relevant questions 
1 2 3 4 5 9 10 11 12 13 
recognizing the need for a theoretical model 
3 9 11
deducing a new hypothesis from a theoretical model____
experimenting 1 2 3 4 5 6 7 8 9  10 11 12 
perform laboratory technigues 2 4 7 8 9 12
formulating hypotheses 1 2 3 4 5 7 8 9 10 11 12 
13__
designing procedures 1 2 3 4 5 7 8 9 10 11 12 13
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operationally defining______
generalizing 1 2 4 5 9 10 11 12 
predicting 4 5 6 7 9 11 12 
classifying 2 5 6 7 9 11 12
identify & control variables 1 2 3 4 7 8 9  10 11 
12__
observing 1 2 3 4 5 6 7 8 9 10 11 12 13 
recording observations 1 2 4 5 6 7 8 9 10 11 12 
13
measuring 3 5 9 11 
verifying 3 4 5 9 11 
replicating procedure 2 4 5 7 8 9
analyzing data 1 2 3 4 5 6 9 10 11 12 13
processing experimental data 2 3 10 11 
computational skills 1 4  5 6 7 8 9 
graphing 2 4 7 8 9 10 11
interpreting data 2 3 5 7 8 9 10 11 13
inferring 2 4 5 9 10 12 
interpolating 4 5 12 
extrapolating 4 5 11 12 
concluding 1 2 3 4 7 8 9 10 11 12 
translating content presented in one symbolic 
form to another 4 8 9 11 13 14
communicating results 1 2 3 4 5 6 7 8 9 10 11 12 13
identifying or applying content in a new context 1 2  4 
5 10 11 12 13
integrating the material with previous knowledge 2 5 
11 13
Level at which the student learns each of these processes:
knowledge 1 2 3 4 5 6 7 8 9 10 12 13 14
comprehension 11
application____
analysis____
synthe s i s____
evaluat ion____
The student:
receives complete directions on how to perform the 
unit 7 13
has some opportunity to organize the unit in his own 
wav 3 11 14 
is autonomous_____
Each group of students:
reads the same material 1 2 3 4 5 6 7 8 9 10 11 12 13 
14___
does essentially same task 3 6 11 14
does a different task, which is part of a larger task 
3____
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Student roles:
p a s s i v e  1 2 4 5 6 7 8 9 10 11 12 13 14 
act ive 3 6 11 14
rote response______
creative response 3 6 11 14
End of chapter review focuses on:
knowledge 1 14
comprehension 1 4 5 9 10 11 14 
application 1 2 4 5 6 9 10 11 12 14 
analys i s 1 4 5 6 9 10 11 12 14 
synthesis 1 4 6 9 10 11 12 14 
evaluation 9 10 11 14
includes information on by:
reading 1 2 3 4 5 6 7 8 9 10 11 12 13 14
discussion_____
doing 11
Science teaching 1 2 3 4 5 6 8 9 10 11 12 13 14 
problems 2 5 14 
g o a l s  1 6 9 10 12 13 
Object ives 1 2 3 4 9 10 11 12 13 
history 1 5 6 10 13 
research on 2 9 10 13 
psychological 1 2 6 8 9 10 11 12
Curriculum trends l 2 5 6 9 10 11 12 13 14
innovations 5 6 9 12 13 14 
historical 2 5 6 9 12 13 
current 5 9 12 13 
future 13
Planning 1 2 4 5 6 7 8 9 10 11 12 13 14
yearly course content1 2 4 6 9 10 14 
sequence of material 1 2  4 
units 1 2 4 6 7 9 10 12 13 14 
lesson Plans 1 2 4 5 6 9 10 12 13 14 
science centers 4 14
laboratory activities 1 4 9 11 12 14
facilities 1 4 6 8 9 10 12 13
Textbooks
types_____
workbooks 2 4 10 11 12 
lab manuals 4 9 12
library materials 1 2 4 6 7 8 9 10 12 13 14 
criteria for selection 1 2 4 6 9 10 11 12 13 14
Teaching methods 1 2 3 4 5 6 7 8 9 10 11 12 13 14
text-recitation 1 2 4 5 10 12
lecture 2 4 5 9 10 11 12 13 14
discussions 1 2 3 4 5 6 8 9 10 11 12 13
demonstrations 1 2 4 5 6 7 8 9 10 11 12 13 14 
questioning 1 2 4 5 6 8 9 11 12 13
inouirv 3 4 5 7 8 9 10 11 12 13
laboratory activities 1 2 3 4 5 6 7 8 9 10 11 12 13
guest speakers 1 4 5 9 10 12 13 14
student reports 1 2 5 7 9 10 11 13
proj ects 1 2 4 5 6 7 8 9 10 11 12 13 14
panels 5
scientific method 3 4 8 11 
concepts 11 13
research based______
induct ive/deduct ive 1 2 4 5 9 10 13
Examples 1 2 3 4 5 7 8 9 10 11 12 13 14
student/class experiments 1 2 4 8 9 10 13 14 
demonstrations 1 4 8 9 12 14 
student projects 2 4 5 8 10 14 
inouirv 3 4 5 8 9 11 12 13 14
Media 1 2 3 4 5 6 7 8 9 10 11 12 13 14
sources of 1 2 3 4 6 7 9 10 12 13 14
f i1ms 1 2 3 4 5 6 7 8 9 10 11 12 13 14
filmstrips 1 2 4 5 6 7 9 10 11 12 13
s1ides 2 4 5 7 8 9 10 11 12 13 14
TV/radio 1 4 5 6 8 9 10 12 13 14
overheads 4 5 6 7 9 10 11 12 13 14
displays 1 2 4 7 8 12 13
chalkboard 1 2 4 6 9 10 12 13 14
bulletin boards 2 4 10 12 13
tapes/records 4 9 11 12 13 14
field trios 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Materials and equipment 1 2 3 4 6 7 8 9 10 11 12 13 14
sources of 1 2 3 4 7 9 10 12 13 14
selection 2 4 10 
checklist 1 3 10 14 
purchase 4 8 9 10 12 
ma intenance 4 7 9 12
preparation 2 4 7 8 9
Facilities 1 3 4 6 7 8 9 10 12 13 14
science rooms 1 3 4 7 8 9 10 12 13 14
research 4 8 9 12
storage 1 4 7 8 9 10 12 13
checklist 1 3 6 13
federal aid 4 6 10 13
Evaluation 1 2 3 4 5 6 7 8 9 10 11 12 13 14
purposes 1 2 4 8 9 10 11 12 13
types 1 2 4 7 8 9 10 11 12 13 
trends 13
techniques 2 8 9 11 13
instruments 10 13
diagnostic 2 11
standardized 1 4 9 10 12 13
tests 1 2 3 4 5 7 8 9 10 11 12 13 14
types 1 2 4 7 8 9 10 11 12 13 14
construction of 1 2 3 4 5 8 9 12 13
sample questions 1 2 3 4 5 7 8 9  12 13
term papers_____
proj ects 4 8 12 
critical thinking 13 
record keeping 2 3 4 12 13 
course 1 6 10
Background information 1 2 3 4 7 8 9 1 0  14 
collecting specimens 1 2 3 7 8 14 
preserving specimens 1 2 7 14 
culturing 2 3 7 14
preparation necessary solutions 1 2 3 7 14
experiments 3
techn ique s 2 7 14
statistics 3 7 14
phvsics 3
chemistry 3 14
career education 3
vocabulary/language 14
other 1 3 4 8 9 10 14
students 1 2 3 4 5 6 7 8 9 10 11 12 13 
gifted 1 2 3 4 6 8 9 10 12 13 
below average 1 2 4 6 8 9 10 12 13 
depr ived 9 10 12 13 
other 2 4 8 10 12 
gender differences 13 
motivation 1 2 4 6 8 9 10 12 13 
readiness 1 6 10 13 
cognition 1 6 10 12 13 
affective 1 2 6 10 12 13 
process 6 9 10 12 13
classroom management 4 5 6 8 9  1113
Professional issues l 3 4 5 6 7 9 10 11 12 13 14
training 1 6 9 10 13 14
job interviews 13
professional development 1 4 6 9 10 12 13 14 
organizations 1 4 6 9 10 12 14 
references 1 3 4 6 7 9 10 12
resources 9 10 12 13
CHAPTER SIX 
The 1970's
Presentation of the results of the textbooks analyses 
will continue to be organized according to the pattern 
established in chapters four and five. The same 
typographical conventions are used to distinguish the 
difference between categories of skills, the skills 
themselves, and levels of learning based on Bloom's 
taxonomy. The reader is encouraged to consult Appendix C 
and Appendix D for clarification of terms and additional 
textual examples.
Secondary School Biology Textbooks
Three high school biology textbooks were analyzed for 
the years 1970 to 1975. BSCS Blue and BSCS Green 
represented the reform curricula and were published in 
1973. Modern Biology, the traditional biology text, 
published in 1973, was also analyzed. The only laboratory 
manuals available for analysis were included in the BSCS 
texts. The research results for these textbooks can be 
found in Table 7 on pages 192-194.
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Scientific Method.
All three textbooks included a discussion of the 
methods of science. BSCS Green and MB presented the 
material in an introductory manner. The BSCS Blue text 
added a sociological and historical perspective to the 
discussion of scientific methods through presentations on 
population control. Laboratory activities were integrated 
into the BSCS textbooks. These labs provided additional 
opportunities for students to develop inquiry skills.
Students acquired an orientation to science which was 
characterized by longing to know and understand, 
questioning, and collecting data. These skills were 
present in all three texts. Demanding verification and 
recognizing patterns and relationships were each included 
in MB and one of the BSCS texts. BSCS Blue contained the 
skills of considering consequences and being aware of the 
social implications of science. The MB text prompted 
students to respect logic.
Students gained knowledge of theories, scientific 
terminology, and scientific techniques and procedures in 
the BSCS Blue text. Knowledge of models and theories were 
gained through reading MB. Concepts and scientific 
terminology were presented in the BSCS Green book.
A variety of inquiry skills were gained through the 
study of scientific methods. All of the textbooks included 
the following skills in their discussions: recognizing a
problem and asking questions, experimenting, formulating 
hypotheses, observing, recording observations, verifying, 
computational skills, and communicating results. MB and 
BSCS Blue shared the inquiry skills of designing 
procedures, graphing, analyzing data, and concluding. The 
BSCS texts concentrated on the skills of predicting, 
measuring, and replicating procedures. Only BSCS Blue 
included interpreting data and identifying and applying the 
content in a new context. MB stressed the integration of 
the material with previous knowledge. All of the textbooks 
promoted skill acquisition on the KNOWLEDGE level. End of 
the chapter review questions in the texts, on the other 
hand, focused on the COMPREHENSION level. The BSCS Blue 
text included questions on the APPLICATION level.
The BSCS Blue text contained three labs which focused 
on the methods of science. The first lab exercise was used 
to introduce the steps of the scientific method. The 
teacher was to show the class two tubes of yeast-sugar 
solution, and the students were to define a problem from 
their observations. Students were then to hypothesize the 
explanation for the differences in the two tubes and devise 
an experiment to test this hypothesis. Students were then 
instructed to complete the experimental procedure described 
in the text. The second laboratory activity gave the 
students the opportunity to solve a problem scientifically 
while gaining experience with measuring instruments.
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Students were to determine how the size of potato pieces 
were affected by different concentrations of sugar-water. 
The third activity was virtually the same as "Do active 
living things give off a common substance?" used in the 
1968 edition. The BSCS Green text included two labs. One 
was an experiment with yeast and molasses and the other 
dealt with the relationship between a plant and an animal.
All of these activities were structured inquiries 
which were used to reinforce a learned concept and 
reinforced the same skills which were stressed in textual 
discussions on the methods of science. Students were asked 
to recognize a problem and ask relevant questions, 
formulate hypotheses, design procedures, perform laboratory 
techniques, identify and control variables, observe, 
measure, graph, analyze and interpret data, draw 
conclusions, translate content from one symbolic form to 
another, and integrate the material with previous knowledge 
in both BSCS textbooks. The BSCS Blue labs required 
students to predict and identify and apply content in a new 
context. In the BSCS Green labs, students had to recognize 
patterns and relationships, verify, and communicate the 
results. Students learned all of these skills on the 
KNOWLEDGE level in BSCS Green and on the COMPREHENSION 
level in BSCS Blue.
The difference in the level of learning was due to the 
wording of the lab activities. The BSCS Green lab was
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written very much like a confirmation-verification 
"cookbook" type lab. The concept was presented in the 
introduction, procedures were outlined, and students were 
given instructions on how to graph the data. Conclusion 
questions did not require the student to utilize higher 
levels of thinking. Therefore, the lab was rated to be on 
the KNOWLEDGE level. In contrast, the BSCS Blue labs were 
written in such as way that students had to hypothesize, 
describe their observations, and understand what the data 
obtained revealed about scientific relationships. Thus, it 
required higher levels of thinking, and this was reflected 
in being scored at the COMPREHENSION level.
Classification.
Classification was approached from an historical 
perspective in all three books. In the BSCS Green and MB 
textbooks, the material was an introduction to the topic. 
Only the BSCS Green text included laboratory activities on 
this topic.
The orientation to science which students acquired was 
based on recognizing patterns and relationships in all 
three texts. The BSCS Green and MB textbooks also included 
longing to know and understand, questioning, and collecting 
data. Only the BSCS Green text discussed demanding 
verification. The MB text added recognizing the limits of 
science to its discussion of classification. Students
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gained knowledge of classification and scientific 
terminology in all three books. MB included information on 
models whereas BSCS Green included concepts.
Classifying and observing were the inquiry skills 
included in all three textbooks. MB stressed recognizing 
the need for a theoretical model. The BSCS Blue text 
included experimenting, formulating hypotheses, and 
communicating results. Only BSCS Green had material on 
verifying and interpreting data. Regardless of the text, 
all of the skills were presented on the KNOWLEDGE level in 
a passive manner, whereas, the end of the chapter reviews 
focused on the COMPREHENSION and APPLICATION levels in all 
three books.
Three labs were in the BSCS Green text on the topic of 
classification. One was an introduction to the levels of 
classification and two were activities dealing with 
dichotomous keys. These labs were used to introduce a new 
concept and reinforce a learned concept and were integrated 
into the unit. One was rated guided inquiry, because this 
exercise required the student to devise an original 
identification key. The other labs were structured 
inquiries. Students acquired a number of inquiry skills 
through these exercises including recognizing the need for 
a theoretical model, designing procedures, classifying, 
observing, identifying and controlling variables, recording 
observations, verifying, and replicating procedures.
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Students also had to analyze and interpret collected data, 
draw conclusions, translate content into symbolic forms, 
communicate results, and integrate the material with 
previous knowledge. These labs promoted learning on the 
COMPREHENSION level of Bloom's taxonomy. More skills were 
learned in the laboratory than were learned through 
presentations in the texts. These skills dealt 
specifically with the scientific method such as designing 
procedures, replicating procedures, and identifying and 
controlling variables.
Amphibians.
Amphibians received differing treatments in the texts. 
The BSCS texts continued to use amphibia to illustrate 
biological concepts, whereas, the MB continued to devote an 
entire chapter to the class of amphibia. The BSCS books 
also contained lab activities related to the topic of 
amphibia.
Students acquired an orientation to science through 
recognizing patterns and relationships in all three 
textbooks. The BSCS Blue text included questioning, 
respecting logic, collecting data, and being aware of the 
social implications of science. Students gained knowledge 
of classification in the BSCS Green and MB texts. BSCS 
Blue conveyed knowledge of models and scientific 
terminology, while the MB textbook concentrated on
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scientific terminology in relation to frog anatomy.
A variety of inquiry skills were presented to students 
using the BSCS Blue textbook. Students were exposed to the 
skills of recognizing a problem and asking questions, 
experimenting, performing lab techniques, forming 
hypotheses, identifying and controlling variables, 
recording observations, process experimental data, analyze 
data, concluding, communicating results, integrating 
material with previous knowledge, and using computational 
skills. In the BSCS Blue text and MB the skills of 
observing and measuring were utilized. Classifying was the 
only inquiry skill gained in the BSCS Green text. All 
skills were presented on the KNOWLEDGE level in the BSCS 
Green and MB textbooks. Students using the BSCS Blue text 
learned these skills on the COMPREHENSION, APPLICATION, 
ANALYSIS, and SYNTHESIS levels basically because of the 
related laboratory experiences. There were no review 
questions on amphibia at the end of the chapters in the 
BSCS texts. In the MB textbook, questions focused on the 
KNOWLEDGE and COMPREHENSION levels.
The laboratory work in the BSCS Blue text utilized 
amphibians to illustrate other biological principles such 
as capillary circulation, movement of muscles, and hormone 
regulation. There were two labs in the BSCS Green text.
One concentrated on the topic of frog embryology. The 
other lab was used to illustrate animal structure and
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function through a study of frogs. Through these labs 
students acquired a variety of inquiry skills. Students 
were asked to experiment, perform laboratory techniques, 
classify, identify and control variables, observe, record 
observations, measure, interpret data, and draw conclusions 
in the activities of both textbooks. The BSCS Blue labs 
promoted computational skills, identifying and applying the 
content in a new context, and integrating material with 
previous knowledge. In the BSCS Green text students were 
asked to generalize, replicate procedures, process 
experimental data, and graph. All of the skills were 
learned on the COMPREHENSION level and reinforced those 
presented in the BSCS texts.
Heredity.
The topic of heredity was approached from an 
historical perspective in all three textbooks. The MB text 
also approached the subject as an introduction. Only the 
MB book included Punnet squares. Laboratory work was 
included in the BSCS textbooks.
Students acquired an orientation to science 
characterized by questioning, collecting data, and 
recognizing patterns and relationships in all three books. 
The MB text focused on demanding verification and longing 
to know and understand. The BSCS Green text also included 
longing to know and understand, and respecting logic in the
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discussion on heredity.
In all three books students gained knowledge of 
principles and laws, classification, and scientific 
terminology. The BSCS Blue text included knowledge of 
theories and scientific techniques and procedures. Models 
were discussed in the MB textbook.
A number of inquiry skills were acquired on this 
topic. Experimenting, designing procedures, classifying, 
observing, identifying and controlling variables, recording 
observations, replicating procedures, computational skills, 
concluding, and communicating results were skills presented 
in all three books. The BSCS Blue and MB texts included 
the following skills: formulating hypotheses, predicting,
analyzing data, interpreting data, and translating content 
from one symbolic form to another. The MB textbook 
promoted the skills of recognizing problems and asking 
questions and recognizing the need for a theoretical model. 
The BSCS Blue book included performing laboratory 
techniques, verifying, and processing experimental data.
The BSCS Green and MB texts encouraged students to identify 
and apply content in a new context. All skills were 
presented on the KNOWLEDGE level in the BSCS textbooks as 
well as the MB textbook. End of the chapter review 
questions focused primarily on COMPREHENSION and 
APPLICATION in all three texts. However, there were 
questions on the KNOWLEDGE level in the BSCS Green and MB
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books and BSCS Blue included questions on the ANALYSIS and
SYNTHESIS levels of Bloom's taxonomy.
Three laboratory exercises which illustrated heredity 
were included in each of the BSCS textbooks. They dealt 
with inheritance in fruit flies, tobacco seed phenotypes, 
and genetic differences in peas. These labs were used to 
reinforce learned concepts and were integrated into the 
units. Only one lab was found to be a confirmation- 
verification type activity. This was the "Mendelian 
inheritance in fruit flies" lab in BSCS Green. It was
scored as this type of lab because of the wording used in
the introduction: "Mendel's experiments have been repeated
with many other organisms, . . .  by using fruit flies, you 
can study Mendelian inheritance in less than 1 month" (p. 
577). This is in contrast to the BSCS Blue lab, which is 
similar in intent but not in wording. It introduces the 
lab by recounting Mendel's wondering what the results would 
be of various crosses and then states: "By crossing fruit
flies with very different traits, you can observe how those 
traits appear in the offspring" (p. 610). The rest of the 
laboratory activities analyzed were structured inquiries.
Through the laboratory work in the BSCS texts, 
students acquired numerous inquiry skills. Experimenting, 
performing laboratory techniques, classifying, identifying 
and controlling variables, observing, recording 
observations, measuring, analyzing data, interpreting data,
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concluding, translating content from one symbolic form to 
another, and integrating material with previous knowledge 
were skills covered in the labs in both BSCS textbooks.
All of these skills are major components of the scientific 
method. In the BSCS Blue text, the additional skills of 
designing procedures and identifying and applying content 
in a new context were stressed. The BSCS Green book added 
formulating hypotheses, predicting, verifying, replicating 
procedures, and processing experimental data. Both 
textbooks promoted the learning of all skills on the 
COMPREHENSION level. In the BSCS Green text students could 
learn the skills at the higher levels of ANALYSIS and 
SYNTHESIS. This was due to the generation of hypotheses 
and generalizations from the data. All of these skills 
reinforced the skills which students had acquired from 
reading the texts.
Ecology.
Students acquired an orientation to science
characterized by considering consequences and recognizing 
patterns and relationships through their study of ecology 
in all three textbooks. The BSCS Green and MB texts also 
had the skills of demanding verification and being aware of 
the social implications of science. Only in BSCS Blue was 
the skill collecting data found.
Students gained knowledge of classification and
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scientific terminology in the three books. In the MB text 
students also gained knowledge of theories. The BSCS Green 
text promoted knowledge of concepts.
The two prominent inquiry skills acquired by students 
were classifying and observing. These skills were included 
in all three textbooks. The MB textbook focused on the 
skills of predicting, measuring, verifying, translating 
content from one symbolic form to another, and identifying 
and applying content in a new context. BSCS Blue stressed 
analyzing data and BSCS Green stressed communicating 
results. All of the skills were learned on the KNOWLEDGE 
level. End of the chapter review questions concentrated on 
the COMPREHENSION level in all three texts. The MB and 
BSCS Green texts also added questions on the APPLICATION 
level. The BSCS texts included laboratory activities to 
supplement the learning of these skills, whereas the MB 
text did not.
Three laboratory exercises were included in each of 
the BSCS textbooks. Both texts included a field trip to 
study a biotic community. The Blue book contained lab 
activities on succession of microorganisms in pond water 
and a study on trout research in Odell Lake. In the Green 
text, students studied the relationship between two types 
of plants and also studied a pond community (which was a 
supplemental lab). Most of the exercises were structured 
inquiries although the study of a community in BSCS Blue
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was a guided inquiry.
Students acquired a variety of inquiry skills through 
these laboratory activities. In both BSCS textbooks 
students were to experiment, design procedures, classify, 
identify and control variables, observe, record 
observations, measure, graph, interpret data, translate 
content from one symbolic form to another, and integrate 
the material with previous knowledge. Students had the 
opportunity to form hypotheses and identify and apply the 
content in a new context in the Blue text. The Green text 
added the skills of recognizing a problem and asking 
questions, performing laboratory techniques, analyzing 
data, processing experimental data, and using computational 
skills. All skills were learned on the KNOWLEDGE and 
COMPREHENSION levels in both textbooks. The Blue book 
promoted learning on the APPLICATION level. The Green book 
required students to learn on the SYNTHESIS level due to 
the questions they had to answer to summarize the 
experience and data. The lab work promoted the acquisition 
of more inquiry skills than the textbook presentations on 
the topic of ecology and also promoted higher levels of 
learning.
College Biology Textbooks
Five college biology textbooks were analyzed for the 
time period of 1970-1975. Four were editions of texts
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which were analyzed in the previous time periods (Villee 
and Weisz). One new text edition, Beaver and Noland 
(1970), and its accompanying laboratory manual were also 
analyzed. Complete results of the college biology 
textbooks analyses can be found in Table 8 on pages 195- 
197.
Scientific Method.
The methods of science were approached as an 
introduction in each of the four texts. Two texts also 
added an historical dimension to their presentations. No 
lab activities were mentioned or included in any text, and 
the lab manual, which was available for analysis, Beaver 
and Noland (1970), did not include a lab for this topic.
Students acquired an orientation to science through 
several skills. Demanding verification was present in all 
texts. Four texts each included respecting logic, 
collecting data, and recognizing patterns and 
relationships. Three textbooks presented the skills of 
questioning and recognizing the limits of science to give 
students an understanding of scientific methods. Being 
aware of the social implications of science was covered in 
two books. Only one text included the recognition that 
scientific development depends on a multitude of factors. 
And only one text conveyed to students the characteristic 
of the tentativeness of science.
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Students gained knowledge of models in four textbooks. 
Three texts conveyed knowledge of principles and laws and 
theories. Only Villee (1972) presented material on 
concepts, information sources, and scientific terminology.
The textbooks covered a variety of inquiry skills.
All texts discussed experimenting, designing procedures, 
observing, replicating procedures, and communicating 
results. Recognizing problems and asking questions, 
formulating hypotheses, predicting, identifying and 
controlling variables, verifying, and interpreting data 
were discussed in four textbooks. The skills of analyzing 
data, concluding, and using computational skills were each 
contained in three texts. Only two books, Keeton (1972) 
and Curtis (1975), recognized the need for a theoretical 
model. All of the skills were presented on the KNOWLEDGE 
level in all texts. End of the chapter reviews were absent 
in two textbooks, Keeton (1972) and Curtis (1975), but the 
other three books had questions that were concentrated on 
the KNOWLEDGE (3/5), COMPREHENSION (2/5), and APPLICATION 
(2/5) levels of Bloom's taxonomy. Weisz (1971) included 
questions on the ANALYSIS level and Villee (1972) had 
questions requiring SYNTHESIS.
Classification.
Classification was presented through historical and 
introductory material in the college biology texts. Beaver
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and Noland (1970) included lab work on classification, but 
it was considered supplemental.
Students received an orientation to science which was 
characterized by the skill recognizing patterns and 
relationships. Only the Beaver and Noland (1970) text 
mentioned the additional aspect of questioning. Students 
gained knowledge of classification and scientific 
terminology in all texts. Very few inquiry skills were 
promoted. Only classifying was present in all five 
textbooks. Communicating results was mentioned in three 
books and observing was included in two texts. Only Beaver 
and Noland (1970) had the characteristic of recognizing 
problems and asking questions. All skills were presented 
on the KNOWLEDGE level in all of the textbooks. End of the 
chapter reviews focused on the COMPREHENSION level in four 
texts. Beaver and Noland (1970) also had questions which 
were found to be on the ANALYSIS level. Keeton (1972) had 
no review questions.
The supplemental laboratory activities which were 
included in the lab manual, Laboratory Manual in General 
Biology (8th ed.) (Beaver & Noland, 1970), dealt with 
classification keys for plants, animals, and insects.
These confirmation-verification labs promoted several 
inquiry skills. Students could acquire the skills of 
recognizing the need for a theoretical model, identifying 
and controlling variables, classifying, observing,
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recording observations, and concluding. Students also 
could recognized patterns and relationships. These inquiry 
skills reinforced those presented in the texts and, in 
fact, promoted skills not included in the text discussions 
on classification. The use of the classification keys 
promoted learning on the COMPREHENSION level and offered 
good training for prospective teachers who needed this 
skill for teaching the secondary school laboratory 
exercises on classification.
Amphibians.
Students acquired an orientation to science which 
centered on recognizing patterns and relationships through 
studying the amphibians section of their textbooks. 
Knowledge of classification was gained in five texts and 
scientific terminology was learned in three books. Only 
Curtis (1975) contained concepts. The inquiry skill of 
classifying was the only skill present in all five texts. 
Observing was present in three texts. These skills were 
presented on the KNOWLEDGE level in all five textbooks.
Two texts had no chapter reviews, while in three texts the 
questions were concentrated on the COMPREHENSION level. 
Beaver and Noland (1970) had questions on the higher levels 
O f  APPLICATION, ANALYSIS, and SYNTHESIS.
Beaver and Noland (1970) also supplemented the complex 
textual discussion with a lab on frog dissection. This
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laboratory exercise, which was included in the lab manual, 
also concentrated on the inquiry skills of classifying and 
observing. These skills were acquired on the COMPREHENSION 
level. This lab complemented and reinforced the discussion 
of frog anatomy in the Beaver textbook.
Heredity.
All five textbooks approached the subject of heredity 
from an historical point of view. Illustrations and Punnet 
squares were included as supplemental learning devices in 
all five texts. Supplemental laboratory exercises were 
included in the laboratory manual for Beaver and Noland 
(1970).
An orientation to science was acquired by students 
through recognizing patterns and relationships in five 
textbooks. Villee (1972) and Curtis (1975) each included 
respecting logic and collecting data. Curtis (1975) and 
Keeton (1972) conveyed an orientation characterized by 
questioning. Only Villee (1972) included the skill 
considering consequences, and only Beaver and Noland (1970) 
presented being aware of the social implications of 
science.
Student gained knowledge of classification and 
scientific terminology in all five texts. Four texts 
presented principles and laws. Only Villee (1972) 
discussed models, and only Keeton (1972) included theories
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in their discussions on heredity.
The only inquiry skill which was present in all of the 
textbooks was classifying. Observing and using 
computational skills were each included in four texts.
Three textbooks contained experimenting, recording 
observations, and translating content from one symbolic 
form to another. All skills in all texts were presented on 
the KNOWLEDGE level, while end of the chapter review 
questions focused on the COMPREHENSION and APPLICATION 
levels. Villee (1972) and Beaver and Noland (1970) 
included questions on the ANALYSIS level, and Villee also 
had questions on the SYNTHESIS level.
The laboratory exercises included in the Beaver and 
Noland (1970) laboratory manual were designed to reinforce 
concepts learned in the text. This was manifested in 
comments such as: "Another way to prove some of the laws
of heredity" (p. 148). Activities dealt with confirming or 
verifying Mendel's laws through plant, animal, and human 
examples. Some exercises were simply completions of 
worksheets on dihybrid and trihybrid crosses. Other 
suggested activities included examining museum preparations 
of garden peas and other plants to note the ratios of 
inheritance. A lab with fruit flies was also included. To 
determine inheritance in humans, students were instructed 
to construct their family tree on the basis of having 
relatives taste PTC paper (see Glossary). In most cases,
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the theoretical ratios were stated for the students.
Through these laboratory activities, students acquired 
a number of inquiry skills. Students could recognize the 
need for a theoretical model, experiment, perform lab 
procedures, predict, classify, observe, identify and 
control variables, record observations, replicate 
procedures, analyze data, graph, infer, interpret data, 
computational skills, draw conclusions, translate content 
from one symbolic form to another and communicate results. 
These same skills were present in the text presentations. 
Students completing the labs learned the skills on the 
COMPREHENSION level, in contrast to the KNOWLEDGE level 
presentations in the textbooks.
These labs offered prospective teachers some simple 
labs on the topic of heredity. Some of these labs could 
easily be completed by high school students. Therefore, if 
these activities were completed by prospective teachers, 
they would have a repertoire of activities that could be 
used in their own classrooms.
Ecology.
The topic of ecology was approached from an unique 
perspective in one text reviewed. Keeton (1972) added a 
chemical dimension to the subject through a discussion on 
the effects of chemical pollution on succession. A 
laboratory activity was included in the Beaver and Noland
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(1970) laboratory manual.
An orientation to science was acquired by students 
which was characterized by recognizing patterns and 
relationships in all the textbooks. Two texts included 
considering consequences, and two included being aware of 
the social implications of science. Students were able to 
gain knowledge of concepts and classification in four texts 
each. Three textbooks presented scientific terminology. 
Only Villee (1972) included knowledge of principles, laws 
and models.
Students acquired very few inquiry skills through 
studying ecology in their college biology textbooks. 
Classifying was the main skill presented in four texts. 
Predicting and observing were included in Villee (1972) and 
Curtis (1975). Villee also had information on 
computational skills. Curtis added the inquiry skill of 
experimenting. All skills were presented on the KNOWLEDGE 
level. The end of the chapter reviews concentrated on the 
KNOWLEDGE (3/5) and COMPREHENSION (4/5) levels. Only 
Beaver and Noland (1970) had questions on the APPLICATION 
level. Keeton (1972) had no end of the chapter review on 
this topic.
A laboratory activity, "Living organisms and their 
environments-ecology", was contained in the reviewed lab 
manual. If the activity were completed, it would have 
reinforced concepts learned in the texts through structured
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inquiry. The activity was rated as additional because of 
the wording in the introduction to the lab: "A study might
be made of a pond or similar unit" (p. 154).
Students acquired several inquiry skills through this 
exercise. Recognizing the need for a theoretical model, 
experimenting, designing procedures, classifying, 
observing, recording observations, measuring, and 
collecting data were included in the activity. Students 
learned these skills on the COMPREHENSION level. Many of 
these skills were included in the texts, but the lab 
promoted learning on a higher level of Bloom's taxonomy. 
Prospective teachers would find this lab helpful in 
preparing them to teach this topic and lab activities on 
the secondary level.
Teacher Education Methods Textbooks
Five teacher education methods textbooks published in 
the early 1970's were reviewed. A list of these textbooks 
can be found in Appendix A. Two of the texts, Collette 
(1973) and Renner and Stafford (1972), were written for 
science teaching methods in general, whereas, three texts 
were specific to biology teaching methods. Two books, 
Renner and Stafford (1972) and Collette (1973), had an 
historical perspective. Only Collette included the 
chemical and physical subject areas in his discussions of 
teaching methods. Anderson (1972) contained information on
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the psychological aspects of teaching. Laboratory 
activities were included in two texts. One text, Renner 
and Stafford (1972), integrated the activities into the 
unit while the other text, Klinckxnann (1970), used them as 
supplements. Complete data on the texts can be found in 
Table 9 on pages 198-201.
Students acquired an orientation to science which was 
characterized by a number of skills. All texts utilized 
questioning, and recognizing patterns and relationships. 
Four texts presented longing to know and understand, and 
collecting data. Three books included respecting logic and 
demanding verification. Only two texts, Collette (1973) 
and Falk (1972), stressed being aware of the social 
implications of science and tentativeness. Klinckmann
(1970) was the only text that recognized the limits of 
science.
Educational knowledge was gained in all five texts. 
Biological knowledge was learned in Klinckmann (1970). All 
books contained information on models. Four texts 
discussed concepts and theories. Only two textbooks 
included material on classification.
A number of inquiry skills could be learned by 
students from their textbooks. All five books included 
recognizing problems and asking relevant questions, 
experimenting, formulating hypotheses, designing 
procedures, observing, analyzing data, interpreting data,
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and concluding. Generalizing, predicting, classifying, 
identifying and controlling variables, measuring, 
verifying, and communicating results were each presented in 
four textbooks. The skills of recognizing the need for a 
theoretical model, recording observations, replicating 
procedures, processing experimental data, graphing, 
identifying and applying content in a new context, and 
integrating material with previous knowledge were each 
presented in three texts. The skill of operationally 
defining reappeared in Falk (1971) and Renner and Stafford
(1972) after being absent in the methods textbooks of the 
1960's. All skills were presented on the KNOWLEDGE level 
through reading. Klinckmann (1970) did suggest that 
discussion be used. Only one textbook, Falk (1971), 
included end of the chapter review questions and activities 
which were focused on the levels of COMPREHENSION, 
APPLICATION, and ANALYSIS levels of Bloom's taxonomy.
The methods textbooks continued to discuss various 
aspects of science teaching which would bridge the gap 
between college science content courses and educational 
theory. These topics would enable the teacher to be more 
effective in the classroom. All five textbooks included 
information on objectives, and four books included 
principles of learning. Three texts discussed the 
psychological dimensions of science teaching, and two 
included the history of science education. No textbook
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referred to research on science teaching in their 
presentations.
Curriculum trends were mentioned in only three texts. 
Falk (1971) included an historical discussion on curricular 
trends and included information on BSCS. Renner and 
Stafford (1972) contained material on innovations, current 
and future curricular trends. Collette (1973) discussed 
the various curricula projects, including BSCS.
Planning was covered in four texts. Lesson plans were 
the most discussed aspect of planning and appeared in three 
texts. Two textbooks included material on yearly course 
content and sequencing material, planning instructional 
units, and laboratory activities. Only one text, Collette
(1973), discussed planning facilities and demonstrations.
It is surprising that there was so little emphasis on the 
planning of laboratory activities, since these were 
advocated as an important part of science classes.
A number of teaching methods were discussed in all 
five textbooks. Discussions, questioning, and inquiry were 
methods advocated in all of the texts. Four books included 
discussions on demonstrations and laboratory activities.
The Anderson (1972) textbook did not discuss lab activities 
and the Klinckmann (1970) book did not discuss 
demonstrations. Lectures, students reports, and projects 
were covered in three textbooks. Only two texts, Falk
(1971) and Collette (1973), mentioned the text-recitation
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method. Only the Collette text discussed the research 
foundations for teaching methods. Collette also included 
information on programmed learning, teaching machines, and 
team teaching.
Three textbooks included examples to aid student 
learning. Anderson (1972) contained sample lesson plans. 
Collette (1973) had examples of student and class 
experiments, demonstrations, student projects, and inquiry. 
Klinckmann (1970) also included examples of inquiry.
A variety of media were discussed in the five methods 
textbooks. Four texts (the exception was Anderson (1972)) 
included information on films and field trips. Three books 
contained information on the sources of media as well as 
discussing filmstrips, and the use of overheads, models, 
and the chalkboard. Collette (1973) mentioned a number of 
media which were not contained in other texts. This 
included the use of television and radio, displays, 
bulletin boards, and photographs. Falk (1971) discussed 
the use of specimens in the classroom.
Textbooks were a form of media that received prominent 
use in classrooms. They were mentioned in four methods 
textbooks. Collette (1973) discussed workbooks, laboratory 
manual, criteria for textbook selection, textbook use, 
publishers, and library materials. Falk (1971) also 
mentioned library materials. Klinckmann (1970) discussed 
the reading levels of textbooks.
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Only three textbooks included information on materials 
and equipment. Collette (1973) was the most inclusive 
covering the topics of sources, selection, purchase and 
maintenance. Klinckmann (1970) included sources of 
materials and a checklist. Renner and Stafford (1972) 
discussed the availability of materials and equipment.
Facilities received attention in only three texts. 
Collette (1973) included information on science rooms, and 
research and storage facilities. Klinckmann (1970) 
contained a discussion of science rooms, a checklist of 
necessary facilities for teaching BSCS, and the sources of 
funding for facilities improvement. Falk (1971) had only 
references (such as articles or company listings) which 
could be used to gather information on facilities.
Prospective teachers need to know about evaluation.
It was mentioned in five textbooks. The topic which 
received the most attention was tests. Four books included 
information on tests and discussed the different types of 
tests that a teacher can use to evaluate students. Three 
textbooks discussed the construction of tests and included 
sample questions. The purposes of evaluation were also 
mentioned in three textbooks. Types of evaluation and 
various techniques were included in two texts each. The 
evaluation of teaching was examined in three textbooks,
Falk (1971), Renner and Stafford (1972), and Collette 
(1973). Only Falk (1971) included information on the
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evaluation of lab work.
Background information was included only in Klinckmann 
(1970). Material on preserving specimens, culturing, 
preparing necessary solutions, techniques, statistics, 
physics, chemistry, and career education were included in 
this text.
Teachers also needed background information on 
students. Four methods textbooks covered material relating 
to students. The topic which received the most attention 
was cognition. Three texts discussed the affective goals 
and techniques for motivating students. Process skills 
were included in two textbooks, Anderson (1972) and 
Collette (1973). Classroom management was also discussed 
in two textbooks. Only Falk (1971) mentioned the grouping 
of students for laboratory work, an important part of 
biology education. Collette (1973) was the only book that 
mentioned types of students: gifted, below average, and
deprived, and how to meet their needs.
Three textbooks also included material on professional 
issues. Prospective teachers received references in these 
three texts. Only two books discussed professional 
development. Falk (1971) was the only text to mention 
organizations and only Collette (1973) included information 
on resources and curricular projects.
190
Summary
The secondary school biology textbooks of the 1970's 
did not vary much from those of the I960's. The same 
skills were present as in the I960's. Some skills shifted 
from one topic to another but students were still exposed 
to and had the opportunity to learn the same skills. The 
inquiry skill of processing experimental data did appear in 
the topics of amphibians and heredity in the BSCS Blue 
edition. This was the first time this skill was apparent 
on the high school level indicating the continued trend to 
a more technical and theoretical treatment of the subject.
The college biology textbooks did not change much 
compared to those published in previous years. But there 
was a noticeable absence of the skills of identifying and 
applying content in a new context and integrating material 
with previous knowledge. The high school textbooks 
continued to include more skills than the college texts. 
This was especially true in the area of laboratory skills.
The teacher education methods textbooks studied for 
the 1970's generally placed less emphasis on many of the 
areas which were analyzed in this study. Inquiry skills 
which received less emphasis than in previous years were 
recognizing the limits of science, being aware of the 
social implications of science, and performing laboratory 
techniques. Yet, inquiry was still an advocated teaching 
method in all five of the texts. There was less emphasis
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on equipment and facilities. This was possibly due to the 
hard economic times that the nation was experiencing and 
may reflect that funding for these areas was scarce. Also, 
textbooks did not seem to receive the attention in the 
methods texts that they had in the past, in contrast to the 
role they continued to play in secondary classrooms.
Helgeson, Blosser, and Howe (1977) cite Hausman who 
found that methods courses during this time period were 
responsible for developing a prospective teacher's 
"personal qualities, instructional techniques, and 
motivation to continue as a learner" (p. 48). But the data 
from this study found that there was less attention paid to 
instructional techniques in the form of advocated teaching 
methods and media in the methods textbooks of the 1970's. 
There was also less emphasis on professional issues, 
including professional development, than was present in the 
texts of previous decades analyzed in this study.
The data also reveals more of a difference between 
methods texts than those of previous time periods in that 
all of the texts did not cover the same general topics. 
There was still no information included in the methods 
textbooks which would help a teacher clarify the 
difficulties students experience in learning science, and 
there was also a lack of stressing the application of 
science to the students' daily lives. These deficiencies 
pointed to the need of further reform.
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Table 7
Composite Evaluation Form for Secondary Textbooks: 1970's 
Textbooks:
1. BSCS Blue 1973 
3. Modern Biology 1973
Topics:
SM. Scientific Method 
A. Amphibians 
E . Ecology
Skill_______________________
2. BSCS Green 1973
C. Classification 
H. Heredity
Topic
SM C A H E
General approach sub-iect:
bioloaical 3/3 3/3 3/3 3/3 1 2
chemical
phvsical
socioloaical 1
economical
technoloaical
historical 1 3/3 3/3
bioaraohical
mathematical
environmental
introduct ion 2 3 2 3 2 3 3
other
subiect not mentioned
Devices used: None
ohotoaraphs 3/3 3/3 1 3 3/3 3/3
illustrations 1 3/3 3/3 3/3 3/3
charts 1 2 1
araphs 1
diaarams 1 2 1 3 1 2
tables 1 3 1 2
cruotes 1
simulations/aames
maps
Punnet souares 3
Learnina obiects/examoles:
unioue to science 3/3 2 3 3/3 3/3 2 3
common to evervdav life 1 1 2 1 2 1
Lab activitv is included:
ves 1 2 2 1 1 2 1 2
intearated 1 2 2 1 1 2 2
additional
extension 1
no 3 1 3 2 3 3 3
Orientation to science:
readina 3/3 3/3 3/3 3/3 3/3
discussina
doina 1 2 2 1 1 2 2
lonaina to know and understand 3/3 2 3
auestionina 3/3 2 3 1 3/3
respectina loaic 3 1 2 3
considerina conseauences 1 3/3
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SM C A H E
collectina data 3/3 3/3 1 3/3 1
demandina verification 2 3 2 3 2 3
recoanizina natterns & relationshiDS 1 3 3/3 3/3 3/3 3/3
recoanizina limits of science 3
recoanizina scientific develotxnent
beina aware of social imDlications 1 1 3 2 3
tentativeness 3
Gains knowledae:
readina 3/3 3/3 3/3 3/3 3/3
doina 1 2 1 2 2
facts 1 3
conceDts 2 2 2 3
theories 1 3 1 3
Drincioles/laws 3/3
models 3 1 3 1 3 3
classification 3 3/3 2 3 3/3 3/3
information sources
scientific terminoloav 1 2 3/3 1 3 3/3 3/3
scientific techniaues/Drocedures 1 1
Acauires inauirv skills:
readina 3/3 3/3 3/3 3/3 3/3
discussina
doina 1 2 2 1 1 2 2
recoanizina oroblems & askina Questions 3/3 1 3 1 3
recoanizina need for theoretical model 3 1 3
deducina hvDOthesis from theoretical model 1
exDeriment ina 3/3 1 1 3/3
oerformina laboratorv techniaues 1 1
formulatina hvDOtheses 3/3 1 1 3
desianina Drocedures 1 3 3/3
ODerationallv definina
aeneraliz ina
Dredictina 1 2 1 3 3
classifvina 3/3 2 3/3 3/3
identifvina & control1ina variables 1 3 1 3/3
observina 3/3 3/3 1 3 3/3 3/3
recordina observations 3/3 1 3/3
measurina 3/3 1 3 1 3
verifvina 3/3 2 1 3
reDlicatina procedure 3/3 3/3
analvzina data 1 3 1 1 2 1
orocessina exoerimental data 1 1
comoutational skills 3/3 1 3/3
araohina 1 3
interoretina data 1 2 1 3
inferrina
interoolatina
extraoolatina
concludina 1 3 1 3/3
translatina content from svmbolic forms 3 1 3 3
communicatina results 3/3 1 3 1 3/3 2
identifvina & armlvina in a new context 1 2 3 3
intearatina with Drevious knowledae 3 1 3 3
formina theories
Level learns each Drocess:
knowledae 3/3 3/3 2 3 2 3 3/3
comorehens ion 1 1
aoDlication 1
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SM C A H E
analvsis 1
svnthesis 1
evaluation
The student: NA 2 1 2 3 2 3/3
receives comDlete directions 1 3 2 3 1 1 3
ODDortunitv to oraanize unit
is autonomous
Each arouD of students:
reads the same material 3/3 3/3 3/3 3/3 3/3
does essentiallv the same task 1
different task/Dart laraer task
Student roles:
passive 3/3 3/3 3/3 3/3 3/3
active 1 3 1 1 2 2
rote resDonse
creative response 1 1 1
End of chapter review focuses: NA 1 2
knowledae 1 3 3 3 2 3 3
comorehens ion 3/3 3/3 3 3/3 3/3
application 1 3/3 3/3 2 3
analvsis 1
svnthesis 1
evaluation
Note. Numbers in the chart signify the presence of the skill in the 
textbook having that number in the chart at the beginning of the Table.
A ratio (3/3) signifies that the skill was present in all 
textbooks.
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Table 8
Composite Evaluation Form for College Textbooks: 1970's
Textbooks:
1. Beaver 1970
3. Keeton 1972 
5. Curtis 1975
Topics:
SM. Scientific 
A. Amphibians 
E. Ecology
Skill_________________________________________________ Topic
SM C A H E
General approach subiect:
bioloaical 2345 5/5 5/5 5/5 5/5
chemical 3
phvsical
socioloaical
economical
technoloaical
historical 1 2 135 1 5/5
bioaraohical
mathematical
environmental
introduction 1234 3 4 3
other
subiect not mentioned
Devices used: None 2 4
ohotoaraohs 125 5/5 125 125
illustrations 5 3 5 125 5/5 5/5
charts 3
araohs 1 5 2
diaarams 145 1345
tables 1235 1 1345 1
ouotes 3 5 4
simulations/aames
maos
Punnet souares 5/5
Learnincr obiects/examples:
unioue to science 5/5 5/5 5/5 5/5 2345
common to evervdav life 234 3 1 3 1
Lab activity is included:
ves 1 1 1 1
intearated
additional 1 1 1
extension
no 5/5 2345 2345 2345 2345
Orientation to science:
readina 5/5 5/5 5/5 5/5 5/5
discussina
doina
lonaina to know and understand 1 2
auestionina 245 1 3 5
resoectina loaic 1345 4 5
considerina conseauences 4 3 4
2. Weisz 1971
4. Vi1lee 1972
Method C. Classification
H. Heredity
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SM C A H E
collectina data 1245 4 5
demandina verification 5/5
recoanizina natterns & relationships 1345 5/5 5/5 5/5 5/5
recoanizina limits of science 123
recoanizina scientific development 2
beina aware of social imolications 2 4 1 1 3
tentativeness 3
Gains knowledaei
readina 5/5 5/5 5/5 5/5 5/5
doina
facts 4
conceDts 4 5 1234
theories 245 3
principles/laws 245 1245 4
models 1234 4 4
classification 5/5 5/5 5/5 1235
information sources 4
scientific terminoloav 4 5/5 145 5/5 345
scientific techniaue/procedures
Acauires inauirv skills:
readina 5/5 5/5 5/5 5/5 5/5
discussina
doina
recoanizina Droblems & askina Questions 1245
recoanizina need for theoretical model 3 5 1 4 4
deducina hvDothesis from theoretical model
exDer iment ina 5/5 345 5
Derformina laboratory techniaues
formulatina hypotheses 1234 4 5
desianina procedures 5/5 5
ODerationallv definina
aeneralizina 3 4
predictina 2345 5 4 5
classifvina 5/5 5/5 5/5 2345
identifvina & controllina variables 1245 4 5
observina 5/5 4 5 145 1345 4 5
recordina observations 1 234
measurina 4 5 5
verifvina 1245
replicatina procedure 5/5
analvzina data 234 2 5
orocessina experimental data
computational skills 245 2345 4
araohina
interpretina data 1345 4
inferrina 4
interpolatina
extrapolatina
coneludina 124 3
translatina content from symbolic forms 145 1
communicatina results 5/5 345 4 5
identifvina & aoolvina in a new context 4
intearatina with previous knowledae
formina theories
Level learns each process:
knowledae 5/5 5/5 5/5 5/5 5/5
comprehension
application
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SM C A H E
analvsis
svnthesis
evaluation
The student: NA 2345 124 5/5 1 1234
receives comDlete directions 1 3 5 2345 5
ODDortunitv to oraanize unit
is autonomous
Each orouo of students:
reads the same material 5/5 5/5 5/5 5/5 5/5
does essentiallv the same task
different task/Dart laraer task
Student roles:
Dassive 5/5 5/5 5/5 5/5 5/5
active 1 1
rote resDonse
creative resDonse
End of chanter review focuses: NA 3 5 3 3 5 3
knowledae 124 1 2 1 2 124 124
comDrehens ion 2 4 1245 124 5/5 1245
aDDlication 2 4 1 1 5/5 1
analvsis 2 1 1 4
svnthesis 4 1 4
evaluation
Note. Numbers in the chart signify the presence of the skill in the 
textbook having that number in the chart at the beginning of the Table.
A ratio (5/5) signifies that the skill was present in all 
textbooks.
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Table 9
Composite Evaluation Form for Teacher Education Textbooks:
1970's
Textbooks:
1. Klinckmann 1970
2. Falk 1971
3. Anderson 1972
4. Renner & Stafford 1972
5. Collette 1973
Approach of text:
science in general 45 biology 12 3
General approach to subject matter:
biological 1235 chemical 5 physical___I
sociological  psychological 3
technological  historical 45
biographical  mathematical_____
environmental  economical_____
introduction  None of the above_____
What devices, other than content, are included: None_
photographs 1245 illustrations 1234 charts 135
graphs 12345 diagrams 12345 tables 145
quotes 45 simulations/games 3__________maps__4_
Learning objects/examples are:
unique to science 12345 common to everyday_life___
Lab activity is included: yes 14 no 235
integrated 4 additional 1 extension_
The student acquires an orientation to science by:
reading 12345 discussing______ doing_
longing to know and understand 1245 
Questioning 12345 
respecting logic 245 
considering conseguences 125 
collecting data 1245 
demanding verification 245
recognizing patterns and relationships 12345 
recognizing the limits of science 1 
recognizing scientific development depends on a 
multitude of factors 1 
being aware of social implications of science 25 
tentativeness 25
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The student gains knowledge of:
through reading 12345 doing_____
educational 12345 scientific______  biological 1
facts 25 concepts 1235 theories 2345
principles/laws 2345 models 12345 classification 24
information sources  scientific terminology_____
scientific techniques/procedures_____
The student acquires inquiry skills by:
reading 12345 discussing 1___________ doing__
recognizing a problem & asking relevant questions 
12345
recognizing the need for a theoretical model 135
deducing a new hypothesis from a theoretical model____
exper imenting 12345
performing laboratory technigues 2 
formulating hypotheses 12345 
designing procedures 12345
operationally defining 24 generalizing 2345
predicting 2345 classifying 2345
identifying & controlling variables 1245 
observing 12345 recording observations 245
measuring 1245 verifying 1245
replicating procedures 245 
analyzing data 12345 
processing experimental data 124
computational skills 25 graphing 245
interpreting data 12345 inferring 24
interpolating 5 extrapolating 35
concluding 12345
translating content presented in one symbolic 
form to another 3 5 
communicating results 1245
identifying or applying content in a new context 245 
integrating the material with previous knowledge 345
Level at which the student learns each processes:
knowledge 12345 comprehension____
application ______________ analysis_____
synthesis ______________ evaluation_____
The student: NA 12345
receives complete directions on unit_____
has some opportunity to organize the unit_____
is autonomous_____
Each group of students:
reads the same material 12345
does essentially the same task_____
does a different task, part of a larger task_____
Student roles:
passive 12345 
rote response
active, 
creative response.
End of chapter review focuses on: NA 1345
knowledge____  comprehension.
application 2 analysis,
synthesis____  evaluation.
Includes information on:
by readina 12345 discussion. doing.
Science teaching.
problems 5
history_25
12345
goals, 
research on.
obj ectives 12345 
psycho logica 1__235_
principles of learning 2 34.5
Curriculum trends 245
historical 2
innovations 4 
current 4 future 4.
12
Planning 1235
yearly course content, 
sequence of material 23 
units 25 lesson plans. 235
laboratory activities 25__
science centers_
facilities 5_
Textbooks 1245 
types lab manuals.
criteria for selection 5.
  workbooks.
library materials 25
Teaching methods 12345
text-recitation 25 lecture 345 discussions 12345 
demonstrations 2345 questioning 12345 inquiry 12345 
laboratory activities 1245 guest speakers 5
student reports 235 projects 245 panels.
scientific method, 
research based 5_
concepts 5 
induct ive/deduct ive 25
Examples 135
student/class experiments, 
student projects 5
demonstrations 5_
Media 12345
films 1245 
TV/radio 5
sources of 125 
filmstrips. 125_
inquiry _15_
slides 15
chaIkboard 245
field trips 1245
overheads 125 
bulletin boards, 
mode 1 s,________
displays^
_5___ tapes 25
specimens.
Materials and equipment 145
selection. 5 checklist
15
ma intenance 5_ preparation.
sources of____
J.  purchase.
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Facilities 125
science rooms, 
check1ist 1
15 research_
federal aid
storage 5_
Evaluation 12345
purposes 124 types 24
techniques 12 
standard i z ed 25
instruments____
tests 1245
construction of 125
term papers_____
critical thinking__
sample questions.
projects_____
record keeping.
trends__
diagnostic__
types 1245
125
course
Background information 1.
collecting specimens_______  preserving specimens__L_
culturing 1 preparation of necessary solutions 1_
experiments________  techniques 1 statistics_l_
physics 1 chemistry 1 career education_l
vocabulary/language  other 1
students 2345
gifted 5_
other 5
below average 5_
gender differences_
readiness 25
cognition 2345 affective 235
classroom management 24
Professional issues
training.
125
deprived 5_
motivation 245
process skills 35
  job interviews.
professional development 25 
organizations 2 references 125 resources 5
CHAPTER SEVEN 
Trends
The data collected from the analyses of the textbooks 
was scrutinized to determine if any trends were apparent. 
Textbook series on the high school and college level were 
examined to determine if changes appeared over the time 
period of 1950 to 1975. This would indicate how the 
textbook authors were reacting to the suggested curricular 
reforms. The five topics reviewed in each of the textbooks 
selected for inclusion in this study were also examined to 
determine if there had been a change in the way the topics 
were presented based upon the reforms. Finally, high 
school biology texts, college biology texts, and teacher 
education methods textbooks were compared to determine if 
the necessary skills were being acquired in college courses 
which would enable a teacher to institute the suggested 
curricular reforms on the secondary level.
High School Textbook Series
The traditional biology curriculum, Modern Biology, 
was contrasted with the reform curriculum BSCS Blue and 
BSCS Green. The MB textbooks published in the 1950's
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served as a baseline for the analysis of changes in 
subsequent editions of MB and for the reform curricula.
The results of the analyses for trends in MB can be found 
in Tables 10 through 15 on pages 235-249.
Modern Biology.
Two areas of the methods of science were discussed in 
the 1951 edition. It covered scientific attitudes and the 
research and technical methods. To these sections was 
added a section entitled "How do you set up a scientific 
experiment?" in the 1956 textbook. This section taught 
students how to plan experiments by explaining a simple 
experiment with plants. The 1963 version added a section 
on pure and applied science. In the 1965 edition, the 
research method was presented in terms of examples from a 
previous section on the polio story. The section about 
setting up an experiment was also revised. The approach 
was changed to that of analyzing a controlled experiment 
which students could "conduct in the laboratory" (p. 10). 
This edition deleted the section on scientific attitudes. 
The 1969 textbook deleted references to the polio story in 
the discussion on methods and, therefore, had slightly 
revised wording. The 1973 edition was virtually the same 
as the 1969 book.
Classification was presented as an introduction in the 
1951 edition. In the 1956 textbook the wording was changed
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to include questions. Questions were also utilized in the 
captions of pictures to illustrate some of the principles 
of classification. The 1956 edition also added the skill 
of recognizing the need for a theoretical model. The 1960 
textbook was revised to include a section on the problems 
of classification. In 1963 the topic was modified by an 
addition on the Monera and Protista kingdoms. The 1965 
version included references to the tentativeness of 
classification. Also references were made to collecting 
data in order to classify an organism. Longing to know and 
understand was the only addition in the classification 
section of the 1973 textbook, and this was apparent in the 
rewording of the introduction to this topic.
The topic of amphibians had no changes in any of the 
editions of MB over the years of 1950-1975.
The 1960 edition contained modified wording on the 
topic of heredity which deleted the ideas that Mendel had 
replicated procedures, verified, and analyzed his data.
The 1965 version added a section which discussed heredity 
and environment. In the 1969 and 1973 editions, references 
were made which referred back to previous chapters and thus 
helped the student to learn the additional skill of 
integrating material with previous knowledge.
The ecology portions of the MB textbooks underwent 
considerable changes over the time period encompassed in 
this study. The 1951 edition included nothing on habitats,
niches, or succession. The topic of food chains used the 
terminology of independent and dependent for the terms of 
producers and consumers. In the 1956 textbook ecology was 
not compartmentalized but interspersed throughout the book. 
Ecological principles were applied to other information 
that was being learned so it could be integrated. This 
text also included the "Research on Your Own" section which 
included activities and field work of an ecological nature. 
A comment was also included on the consequences of 
humanity's destructive force on climax species. The 1963 
edition added the dimension of social implications into the 
discussion on food chains and the projected food shortage 
due to the world population explosion. It was not until 
the 1965 edition that habitats and niches were defined and 
explained. This version also expanded the topic of 
succession to include forests, ponds, lakes, and hay 
infusions. The 1969 textbook expanded the portion on food 
chains to include food pyramids. The 1973 edition did not 
vary significantly from the 1969 textbook.
Changes were evident in the Modern Biology series 
during the time period encompassed in this study (1950- 
1975). Some of the changes reflected an updating of the 
content based upon current scientific research. This was 
stated in the Preface to the 1963 edition. This version 
was published early in order to coincide with the release 
of the BSCS textbooks (DeBoer, 1991). The Prefaces to 1965
206
edition and the 1973 version note that the units on 
genetics and ecology were greatly expanded and updated.
Data generated in this study indicates a noticeable 
increase in the number and type of inquiry skills presented 
in the 1963 and 1965 editions of MB when compared to those 
of the 1950's. This research expands on that of Quick who 
found in her research that the 1965 edition of MB included 
the greatest number of changes consistent with the BSCS 
philosophy (DeBoer, 1991). While the skills presented in 
the text were consistent with the reform philosophy, the 
1965 version takes a defensive stand on its format and 
presentation of material as indicated by this quotation 
extracted from the Preface:
The authors have preserved the approach and 
methodology that has evolved through the years so 
successfully in secondary school classrooms.
These features have been tested, tried, and 
proved effective by thousands of teachers in our 
nation's schools. Many professional biologists 
who are making significant discoveries today in 
the research laboratories and who learned from 
earlier editions of this text are evidence of the 
motivational value of such a course, (p. v)
This quotation also points to the fact that while the 
textbook and course of study are not always equivalent, "in 
many American high schools the textbook is indeed a very
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central feature of the course that is offered" (A. Grobman, 
1969, p. 4).
BSCS Blue.
The BSCS textbooks were developed in the late 1950's, 
field tested, and then released to the public in 1963. Two 
versions, the Blue and Green, were included in this 
research study. The trends discussed can be found in 
Tables 15 through 19 on pages 250-264.
The 1963 and 1968 editions of BSCS Blue presented the 
scientific method by focusing on Darwin's research on 
atolls and the formation of his atoll hypothesis. The 
discussion also includes Einstein's explanation of science. 
There was only a slight revision of wording when these two 
texts were compared. However, the 1973 textbook contained 
a totally different focus. The scientific method was 
presented via scenarios of population studies. This change 
influenced the skills presented, and, therefore, there was 
a difference in the skills which could be acquired.
A change in the presentation of classification was 
evident in the 1968 edition which was a complete revision 
of the 1963 edition. The 1963 text gave examples of the 
tentativeness of classification and focused on the changes 
that had occurred in the theories and concepts of 
classification. In the 1968 book some of this material was 
eliminated, and the topic was presented as an introduction.
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The 1973 edition had revised wording but was still 
introductory in nature.
The treatment of amphibians did not vary significantly 
over the years. Frogs were used to illustrate other 
biological principles throughout the texts after a brief 
introduction to the class of amphibians. The difference in 
skills was dependent upon the text discussion of the 
experiments involving amphibians.
Mendel's work on heredity received only slightly 
different wording in the 1963 and 1968 editions. The 1973 
textbook approached the topic via a discussion of 
environmental influences in contrast to genetic 
differences. This accounts for the change in the skills 
which were revealed in this study.
The 1963 edition presented succession of communities, 
habitats, and food webs in separate discussions and in an 
introductory manner. The 1968 and 1973 texts presented 
these topics via a case study of Odell Lake. Research on 
the lake was used to illustrate these ecological 
principles.
The difference in the BSCS Blue 1973 version was 
stated in the Foreword of the text:
This edition of Biological Science: Molecules to Man 
includes not only biological information, but the 
social context of that information. It addresses 
itself to the social consequences of our actions in
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attempting to solve the biological problems we face in
living harmoniously on and with the planet Earth, (p.
viii)
BSCS Green.
In the BSCS Green textbook series, the scientific 
method was introduced through a discussion on observation, 
experimentation, measuring, and reporting. The changes in 
the skills found were based upon the revisions in wording. 
The 1963 text described the process by which a problem 
becomes an hypothesis. The 1968 version clarified the 
wording and sequence and added specific vocabulary such as 
hypothesis. The 1973 edition further revised the 
discussion and included specific definitions for the 
vocabulary that was used.
The principles, methods, and the biological basis of 
classification were presented in all three editions. There 
were only minor differences in the wording between the 1963 
and 1968 texts. The 1973 edition, however, included an 
expanded explanation on species which accounts for 
differences in the skills found.
Amphibians received the same general introduction in 
all three texts. The differences in the manifested skills 
were due to the inclusion of a laboratory activity in the 
1968 edition.
Mendel's experiments with garden peas were presented
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in the 1963 and 1968 textbooks. The 1968 text was revised 
only slightly. In contrast, the discussion of Mendel's 
work in the 1973 book was shortened and the whole 
discussion related to a scenario presented earlier in the 
chapter on the pedigree of a sickle cell anemia patient.
The ecological topics of food webs, succession, and 
niches were presented in various sections of the BSCS Green 
textbooks due to their ecological focus. Food webs 
examined the flow of energy in both present day and ancient 
communities. This section was only slightly reworded in 
the 1968 edition but extensively revised and reworded in 
the 1973 text. Succession was discussed in terms of 
Florida rivers and the Madison River in Montana in the 1963 
book. This section was revised and reworded in the 1968 
edition. In the 1973 textbook, the subject of succession 
was incorporated in several sections throughout the text. 
The topic of niches was discussed in terms of river turtles 
and the Christmas fern in the 1963 edition. It was 
modified slightly in the 1968 version but in the 1973 
edition, it was revised to only include references to the 
river turtles.
The differences revealed in the BSCS Green editions 
were noted in the forewords of the texts. The 1968 version 
states that "the present book is a complete revision of one 
of the 1963 versions and is based upon feedback of the last 
five years together with the most recent scientific
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information available" (p. x). On page vi of the 1973 
edition it was noted that the edition included "not only 
biological information but the social context of that 
information." These changes were manifested in the skills 
analyzed for this study.
Summary.
When the two types of secondary school biology 
textbooks (traditional and reform) were compared, there was 
found to be little difference as far as the inquiry skills 
presented in the textbook presentations. For each topic 
under consideration in this study, there appeared to be 
dominant skills which were found in each of the curricula. 
Some topics had more skills when presented in the BSCS.
This was especially true in the topic of ecology which was 
primarily due to the ecological focus of the Green version. 
In other cases, more skills were presented in the MB texts. 
This was true for the topic of the scientific method. On 
paper, the two curricula were very comparable.
The distinguishing factors between the two would then 
be how these topics were actually presented in the 
classrooms by various teachers, and whether or not the 
laboratory activities were used in conjunction with the 
texts. The analysis of laboratory activities revealed that 
inquiry skills were developed more fully in the BSCS text 
series than in the laboratory activities which accompanied
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the MB texts. Students were exposed to a greater number of 
skills and were provided with the opportunity to develop 
these skills on various levels of Bloom's taxonomy in the 
BSCS texts. The labs gave students the opportunity to see 
how the material learned from the text applied to real 
biological situations.
However, some of the inquiry skills which were 
identified by reformers as necessary skills were present in 
earlier versions of MB. Although these were often 
presented solely in textual material, provisions were made 
for inquiry type laboratory activities and projects in 
these editions through the "Research on Your Own" sections 
of the texts. The use of these activities and the actual 
classroom presentation made by the teachers would determine 
if, in fact, these classes were akin to what the reformers 
were suggesting. In any case, an attempt was made by the 
authors of MB to promote this type of learning (inquiry) by 
devoting space to it in the traditional textbook before the 
reform curricula was published.
College Textbook Series
Two series of college textbooks were analyzed in this 
study, Villee and Weisz. Villee published 6 editions 
during the time period under investigation in this study 
and Weisz published 5 editions. The results of the 
analyses for Villee can be found in Tables 20 through 24 on
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pages 265-279. The results for the Weisz textbooks can be 
found in Tables 25 through 29 on pages 280-294.
Villee.
The presentation of scientific methods manifested two 
shifts between the years of 1950 and 1975. The 1954 
edition contained many more inquiry skills than the 1950 
edition. The skills of replicating procedures, 
communicating results, formulating hypotheses, and 
concluding were stressed along with other skills associated 
with the scientific method. An explanation of information 
sources in the biological sciences was presented. 
Definitions of key words, such as theories, principles and 
laws, were also included in the discussion. The 1962 
edition reflected the next shift by adding the skills of 
questioning, and recognizing problems and asking questions. 
This was due to statements which placed questioning at the 
heart of the scientific enterprise.
The topic of classification changed little over the 
course of the years under investigation in this study. It 
remained an historical introduction to classification which 
also included a discussion of the binomial nomenclature 
system.
A major change in the material on amphibians was 
manifested in 1962. It was at this time that a detailed 
description of frog anatomy and physiology was included in
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the text. This caused a focus on terminology and 
observation of diagrams. Prior to this time, amphibians 
were only discussed in terms of general characteristics or 
used to illustrate embryonic development.
The Preface of the 1962 edition states that the text 
had been completely revised on the topic of heredity. More 
inquiry skills were included in this revision than were 
present in previous texts. The next shift in skills 
appeared in the 1972 textbook which was also revised due to 
the then recent advances in genetics.
The topic of ecology experienced several changes over 
the time period encompassed in this study. The 1954 
textbook was revised to include a chapter on ecology in 
order to incorporate current research. The 1962 edition 
included references to the consequences of humanity 
interfering with ecological succession. The Preface of the 
1967 version notes that the section on ecology was enlarged 
and revised which would account for the next change in 
skills which were evident.
This textbook was relatively stable in its 
presentation of topics over the years. Content was revised 
only to included recent research or advances. Although, it 
must be stressed that these skills were presented strictly 
on paper. No opportunity was presented in the text for 
skills to be developed, and there was no hint that there 
were laboratory activities which would support the
acquisition of the skills presented.
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Weisz.
The scientific method was approached through a 
discussion of the procedures of science in the 1959 
edition. In the 1967 version, a section on "The Scientific 
Domain" was added along with a section on the aims of 
science. The 1971 textbook was revised in such a way that 
the wording was softened. The discussion was no longer 
centered on "the scientific method", but science was based 
on "some scientific method" (p. 5).
The skills presented in the area of classification 
varied depending on where this topic was placed in the 
text. In the 1959 edition, it was discussed in terms of 
macroevolution. The 1963 book presented classification in 
a chapter entitled "Kinds of Organisms: Monera". The 1967 
textbook included a chapter on classification. Thus, the 
skills were determined by the context of the discussion and 
the purpose for which it was being introduced.
The topic of amphibians was presented through a 
description of the general characteristics of the class. 
This means that if this presentation was not supplemented, 
either through class discussion or through laboratory 
activities, the prospective teacher would not be adequately 
prepared to teach this topic on the secondary level through 
either the traditional or the reform curricula.
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The 1959 edition of this textbook included the most 
skills on heredity. The changes in this topic were due to 
the context of the discussion as was the case for 
classification. Changes in the skills revealed were also 
dependent upon the revision of the topic based upon current 
research.
The ecological principles under consideration in this 
research study were incorporated into the different 
editions of the textbooks as the research in this area 
expanded. This accounts for the variations in the skills 
presented. For example, the 1963 edition does not present 
the concept of succession, whereas, it is included in the 
1967 version.
This series of textbooks underwent several major 
rewrites and reorganizations over the time period of this 
study. The difference in skills revealed was the result of 
this phenomenon.
Summary.
When the two college biology textbook series, Villee 
and Weisz, were compared, there was found to be a 
significant difference between them. The texts by Villee 
generally contained more skills than the Weisz books.
There were dominant skills which were present in both text 
series, but in some cases, these were the only skills 
presented in the Weisz books. The Villee textbooks were
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found to be better than the Weisz texts when the 
presentation of inquiry skills was a criteria. The Villee 
texts certainly gave a prospective teacher more exposure to 
the skills which could be used in secondary school 
classrooms, regardless of what type of curricula those 
classrooms might be utilizing.
Teacher Education Methods Textbook Series
Three different methods textbooks which were included 
in this study had multiple editions published during the 
1950 to 1975 time period. The Biology Teachers' Handbook 
was published twice by BSCS. Washton published two 
textbooks during the 1960's. Thurber and Collette 
published three texts and the series continued with an 
edition published by Collette.
The Biology Teachers' Handbook.
The Biology Teachers' Handbook was published twice 
during the period between 1950 and 1975. In 1963 it was 
written by Schwab with the following purpose: "This book
is intended to be an everyday reference for those teaching 
both BSCS courses and other biology programs" (p. xii).
The book was revised by Klinckmann in 1970 in order "to 
make this book more useful for teacher preparation" (p. 
ix). The content and approach was basically the same in 
the two texts. Background information on the origin of the
BSCS texts was included. An overview of the content, 
themes, and objectives of the BSCS books was given along 
with a detailed explanation of each of the text series. 
"Invitations to Inquiry" were also included. The evident 
differences between the two stemmed from their distinct 
purposes. Klinckmann added information on planning yearly 
course content and expanded the sections which related to 
teaching methods and media. Klinckmann also revised the 
section on evaluation to include material on the purposes 
and techniques of evaluation and record keeping. She also 
expanded the concept of evaluation to include the 
laboratory, discussion, and essays. There also was 
emphasis on the development of teaching style and teaching 
strategies. The 1970 edition did not contain the material 
on students which Schwab included in the 1963 version.
Both texts would have been more valuable to teachers of the 
BSCS curricula than a traditional curricula. The 
Klinckmann text also seemed like it would have been more 
valuable to those preparing prospective teachers than to 
the prospective teachers themselves. This was due to 
comments throughout the book which were centered on the 
preparation necessary for teachers. For example, there was 
a section on suggestions for teacher preparation for the 
Blue version which included training in the philosophy of 
science, the physical sciences, and dialogue teaching. She 
also included ideas on how to use open-ended laboratory
219
exercises in teacher preparation. This was viewed as 
important since "it is natural to teach as we were taught" 
(p. 107).
Washton.
Washton published two textbooks in the 1960's. The 
first was entitled Science Teaching in the Secondary School 
and was published in 1961 (before the reforms had been 
instituted on the secondary level). In preparing this 
text, the author solicited suggestions on what should be 
included in a methods textbook from members of the National 
Association for Research in Science Teaching and the 
National Science Teachers Association. Topics such as 
science teaching, planning, teaching methods and materials, 
media, and evaluation were included. The second text, 
Teaching Science Creatively in the Secondary Schools, was 
published in 1967. The purpose of this text was "to 
provide the guiding principles and methods of teaching 
science creatively through inquiry" (p. vii). As such, it 
included information on research in science teaching and 
focused on the inquiry skills of processing experimental 
data, interpreting data, graphing and inferring. These 
skills were not present in the first text. The Preface 
also noted that the text was designed to help teachers "to 
modify or to adapt new science programs to fit into the 
needs of the community, the students, and the teacher
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himself" (p. vii). This text, therefore, expanded sections 
on teaching methods, media, and evaluation and included a 
discussion on cognitive, affective, and psychomotor skills. 
This text presented a balanced view of inquiry and how it 
could be successfully used in secondary classrooms, while 
both texts provided a solid foundation for the prospective 
science teacher.
Thurber and Collette.
Three textbooks were published by Thurber and 
Collette, and the series continued with one text by 
Collette during the time period of this study. The texts 
presented students with an orientation to science 
characterized by all the aspects of inquiry except 
respecting logic and collecting data. Students could 
acquire all of the inquiry skills researched in this study 
except deducing a new hypothesis from a theoretical model 
and operationally defining. The texts covered all the 
various categories under consideration in this project. 
However, the topic of background information included only 
references to math and was not extensive.
The principal change in the texts occurred in response 
to the curriculum projects and research reports. The 
Preface to the 1964 edition states that the new programs 
promoting inquiry "accords so well with the philosophy upon 
which the first edition was based, we believe not only that
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no changes in philosophy are needed but that our original 
position is greatly strengthened" (p. vii). Thus the 
textbook was revised to include information on approaches 
to science teaching and a chapter on the nature of science 
was also added. This text also included an excellent 
discussion of the types of experiments. The 1968 version 
was modified to be more of a reference textbook. The new 
curriculum projects were analyzed, and chapters on 
objectives and the philosophy of science were added.
All of the editions of this text pointed out the 
strengths and weaknesses of various approaches to teaching 
and concentrated on why they were recommended. The books 
were peppered throughout with scenarios from actual 
classrooms that illustrated the principles being presented, 
so that prospective teachers could understand how they 
might be applied in an actual classroom situation. The 
book also included suggested activities at the end of each 
chapter which, if completed, would have given the 
prospective teacher an excellent preparation for teaching. 
With all of the various features and skills that these 
textbooks included, it is no wonder that these texts were 
listed among the most commonly used methods books (Newton & 
Watson, 1968).
Summary.
When all of the science teacher method textbook series
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were compared, there was found to be little difference 
among them. All of the texts included a majority of the 
inquiry skills under investigation with the Thurber and 
Collette and Collette texts containing the most. The 
1970's editions of most of the texts included more skills 
than the earlier editions. Most of the textbooks contained 
information on the topics most often covered in methods 
courses. These were "methods, planning, objectives of 
science teaching, evaluation, study of curriculum, science 
content, and resources for teaching" (Newton & Watson,
1968, p. vii). Only the BSCS teacher's handbooks were weak 
in the areas of planning and study of the curriculum 
although they obviously were strong on the presentation of 
the BSCS curricula.
The ultimate test on how well teachers were prepared 
would be to determine how the textbooks were used in the 
methods classrooms. In other words, how were teachers 
being taught to teach? The ROSES Report (Newton & Watson, 
1968) gave a clue by documenting the teaching techniques 
utilized in these courses. The three most common forms of 
teaching were found to be lecture, class discussion, and 
"mock lessons". Three more methods, (student labs, student 
demonstrations, and construction of teaching units), were 
less utilized. This could have given prospective teachers 
the impression that their teaching should be characterized 
by the same teaching style and thus place inquiry
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techniques in the background. In fact, the ROSES report 
found that prospective teachers were informed about inquiry 
teaching "but were not convinced of its desirability or 
applicability . . . and commented that the instructor 
talked a lot about the inquiry method, but never made use 
of it in the methods classroom" (p. 110). Thus, it was 
concluded that "there is no strong evidence about the 
ability of various teacher education programs to change 
teacher behavior in a way that would enable them to 
implement innovative biology curriculums according to the 
rationale and goals underlying a program" (Mayer, 1978, p. 
72) .
Topics
There was very little change in the topic of 
scientific methods in both the secondary and college 
biology textbooks over the time period of 1950-1975. If 
there was a change, it tended to be in the addition of a 
few more inquiry skills as editions were revised. This was 
particularly noticeable in the Weisz texts.
The topic of classification was not revised much over 
time. The college texts were not changed at all. The MB 
texts tended to add skills in each edition.
The skills presented on the topic of amphibians 
remained stable over time in the MB and both series of 
college biology textbooks. In the BSCS Blue textbook,
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there were more skills in the 1973 edition. The Green 
version had more skills appear in the 1968 edition which 
was due to the skills presented in the laboratory 
activities.
The discernible trend in the topic of heredity was 
related to the type of textbook. The BSCS Blue book tended 
to add skills over the time period, whereas, in the BSCS 
Green and MB textbooks, the skills remained relatively 
constant. For college textbooks, Villee had the tendency 
to add skills in his revisions, while Weisz presented fewer 
skills.
The skills for the topic of ecology were stable in the 
college biology textbooks. The MB texts added skills in 
later editions, and the BSCS books tended to present fewer 
skills as the books were revised.
Thus, the changes in the skills revealed in each topic 
were determined by the textual presentations of the 
material. The wording of phrases and the focus of the 
material played a role in how inquiry skills were 
incorporated into the textual presentations. The number of 
skills was also determined by the use of laboratory work to 
reinforce the skills presented in the texts.
Comparison of Textbook Levels
All of the textbooks (high school biology, college 
biology, and teacher education) exhibited a core group of
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skills for each topic. These skills were stable over time 
and were dependent on the type of textbook. Data Tables 30 
through 34 list the skills for each type of textbook and 
topic and can be found on pages 295-304.
The core skills for the topic of scientific methods on 
the high school level reflected the steps in the scientific 
method. On the college level, there were more skills than 
on the high school level. These skills generally reflected 
a refining of the skills presented in the texts on the high 
school level, especially those skills which dealt with the 
experimentation step of the scieritific method. These 
skills also reflected the stress on theories and theory 
formation that was present in the college biology 
textbooks. The teacher education methods textbooks 
contained the same skills that the high school level 
biology textbooks contained.
The topic of classification had only a few skills 
which were stressed. The secondary level texts presented 
more skills than the higher education level. This was due 
to the fact that classification was reviewed briefly on the 
higher education level. The methods textbooks only covered 
three of the core skills. This was generally due to the 
absence of scientific terminology and classification 
schemes in the teacher education texts.
For the topic of amphibians, the teacher methods 
textbooks included the same skills as the high school texts
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with the noted exception of classification. There were 
fewer skills presented in the higher education biology 
classes than at the high school level. This can be 
attributed to the general descriptions of the phyla and 
classes found in most texts at the college and university 
level.
Heredity was presented utilizing more inquiry skills 
at the high school level than at the college level. This 
can be attributed to the difference in presentations. On 
the high school level, the texts often gave detailed 
descriptions of Mendel's experiments. These descriptions 
often referred to the various aspects of scientific 
experimentation. The higher education level biology texts 
focused on the laws which Mendel generated and how he 
arrived at those laws from the data rather than the 
procedures he used to generate those laws. The methods 
texts covered many of the skills which were presented in 
the high school texts but not classification, scientific 
terminology, computational skills, and translating content 
into symbolic forms. These are skills which would not be 
expected to appear in this type of text.
The high school textbooks contained a few more skills 
for the topic of ecology than the college biology and 
teacher education methods texts. Considering consequences 
was not included in the college biology books. Once again, 
the methods books did not include classification schemes or
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scientific terminology. All of the levels were more 
equivalent for this topic than any other topic considered 
in this study.
All of the levels of textbooks can also be compared to 
determine the relationship among them for each of the 
various time periods in this study. For the 1950's, a 
picture emerges which was characterized by high school 
courses which were textbook and teacher centered. 
Prospective teachers received knowledge of biology through 
their college courses but did not receive training in the 
use of the inquiry skills which were presented in the 
biology texts. Methods texts also included inquiry skills, 
but these were presented in a generic sense, and thus, the 
prospective teacher did not gain any experience in 
utilizing these skills on this level either. Inquiry was 
advocated as a teaching method, but previously cited 
research shows that teachers did not have this method 
demonstrated to them in their college methods courses, or 
their college biology courses.
The 1960's brought massive changes to the teaching of 
biology on the high school level. Skills were not only 
incorporated into the textbook presentations of topics, but 
they were also utilized and developed in the laboratory 
activities which were an integral part of the curricula. 
Yet, there was little change in the texts of college 
biology. Teacher education methods texts continued to
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advocate the use of inquiry in the high school classroom, 
but research once again showed that the teachers were not 
given adequate opportunity to develop the skills necessary 
to utilize this teaching method.
In the 1970's, the high school texts did not 
experience any significant changes in their methods of 
presentations or in the skills which were presented. The 
college biology textbooks continued unchanged. The teacher 
education textbooks still advocated the use of inquiry but 
placed less emphasis on inquiry skills in their own 
presentations of material.
If these trends in the various types of textbooks were 
to be graphed, the change in the high school texts would be 
represented by a curve which starts at a baseline rises on 
a slight positive slope and then rises sharply to a 
plateau. The change in teacher education textbooks could 
be represented by an unequal bell shaped curve and the 
college biology textbooks would be represented by a line 
with a very slight positive slope.
Analysis of Results
While it appears from the data tables and previous 
narrative that the skills were being covered consistently 
in all three types of texts, there were significant 
differences which could only be perceived by actually 
analyzing the textbooks themselves. In the charts, the
skills are labelled with broad terms. These terms were 
manifested in various ways in the different textbooks. For 
example, on the high school level, students were told about 
the skill experimenting when they read the sections on the 
methods of science. While the process was explained to the 
students, they may never have actually had the experience 
of practicing the skill of experimenting in the laboratory 
portion of the course. The laboratory exercises they may 
have completed often taught some experimentation skills.
The students may have learned how to observe, record 
observations, measure, and identify and control variables, 
but may never have performed a true experiment. Fordyce 
(1961) states that "what commonly passes for 'lab' is most 
often a routine conduction of exercises that are no more 
scientific than following a recipe in a cookbook" (p. 133). 
Rogers (1960) does not considered lab work like this to be 
"genuine experimenting" (p. 22) and advocates that students 
should be allowed to experience true experimentation.
Haney (1966) notes that "while many of the new programs 
stress the value of pupil exploration, few genuinely 
exploratory activities are actually provided" (p. 31).
On the higher education level, the biology books 
likewise mentioned experimenting as part of the methods of 
science. But, it may have been mentioned in the context of 
its stated purpose— the forming of theories. Therefore, 
based on the analyses of the textbooks, students may not
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have been taught how to experiment but only taught about 
experimenting through their college biology texts.
Sometimes the skills on the higher education level 
were implied but not stated directly. For instance, under 
the topic of classification, the skill of recognizing the 
need for a theoretical model was found on the high school 
level but not on the higher education level of biology. If 
theory formation is one of the main purposes of science, 
then science is based on theoretical models, and there 
would be no need to state that these models were necessary. 
And since classification models are tentative, there was no 
need to stress the model of classification.
The skills on the higher education level in biology 
were often stated in passing with the assumption that the 
student understood the concept behind the words. For 
example, in an explanation of succession, students were 
been told that a researcher observed the changes in a 
field. This assumes that the students knows what is 
entailed in observing scientifically.
Often on the higher education level, skills which the 
students already possessed were developed and refined. For 
example, the skill of questioning was presented under the 
category of scientific method. The Villee textbooks 
presented the characteristic of questioning authority and 
mentioned that good questions are the basis for good 
research. If students had been taught how to question
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scientifically on the high school level, then the higher 
education biology course could further develop and refine 
that skill through subsequent course work. But, if the 
students did not know how to develop scientific questions, 
then they would not acquire the skill through their college 
biology texts.
The inquiry skills were evident in another variation 
in the teacher education methods textbooks. The 
prospective teacher read about experimenting, and how it 
was important for students to experiment, but the 
prospective teacher may not have known how to experiment.' 
The methods student may never have performed an actual 
experiment, either on the high school or college level.
And the books often did not tell the prospective teacher 
how to develop this skill in their students, or what to do 
if their students were having difficulty grasping the 
concept. This may seem unnecessary for the concept of 
experimenting, but what about the skill of considering 
consequences or integrating material with previous 
knowledge? These skills require higher levels of thinking. 
Therefore, there were fundamental differences in the way 
the skills were used and presented in each of the types of 
textbooks. Examples of how the skills were presented in 
the textbooks can be found in Appendix C.
Many of the inquiry skills were presented in such a 
way that students may not have realized that a skill was to
be learned. And the teacher may not have stressed the 
skill but rather the subject material in which the skill 
appeared. To illustrate this point, consider the following 
example. "Desire to learn. Every scientist has a healthy 
curiosity. He wants to know the whv of things" (MB, 1960, 
p. 2). This illustrates the skill of longing to know and 
understand. The teacher could have used this statement in 
several ways. The teacher could have used it to elicit 
questions on some of the things which the students wondered 
about and would like to learn about in the biology course. 
The teacher could have then used the opportunity to have 
the students develop strategies for finding the answers to 
the questions. Or the teacher could have told the students 
which questions would be answered over the course of the 
school year as an introduction to biology. On the other 
hand, the teacher could have stressed that the desire to 
learn is an important scientific attitude and on a 
subsequent test asked the students to list the scientific 
attitudes which would include the desire to learn.
The differences between the skills in the different 
types of textbooks and how they were presented points out 
the difference between having knowledge about a skill and 
being able to demonstrate competency in that skill. It is 
the difference between having knowledge about a subject and 
being able to use and apply that knowledge. Students on 
the high school level may have learned the steps to the
scientific method but may not have been able to identify 
those steps if they were presented in a case study or in a 
laboratory exercise. Students on the higher education 
level of biology may have known the importance of forming 
hypotheses but may not have known how to form an hypothesis 
or how to design an experiment which would provide the data 
to support or refute that hypothesis. Prospective teachers 
may have known the theories on learning but may not have 
known how to develop lesson plans which utilized those 
theories to effectively convey subject matter or skills to 
students. This researcher commented in an anecdotal note 
after reviewing a Thurber and Collette text that the 
teachers would have to have an understanding beyond that 
which was found in their traditional college classes to 
prepare them to teach in the manner suggested by these 
methods textbooks. This was due to the fact that the 
prospective teacher would have to know not only how to 
experiment, but also be competent in the various aspects of 
experimenting. They would also have to be confident enough 
in their own skill to be able to teach others. This type 
of application and development of skills was an area which 
did not receive adequate coverage in the textbooks, 
especially on the college level. However, on the high 
school level, the BSCS texts did provide students with 
opportunities to develop and apply these skills.
Therefore, it appears that while the same skills may
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have been found on the different educational levels, they 
were handled in a different manner. This difference in the 
way the skills were presented and developed (or not 
developed) led to gaps in the preparation of prospective 
teachers. It appears from the data generated in this 
study, that too many assumptions were made by the reformers 
regarding the backgrounds and abilities of teachers and 
prospective teachers. These assumptions led to inadequate 
training on the college level for the prospective teacher.
Assumptions were also made on how the curricula was 
being presented and coordinated on the different 
educational levels. Prospective teachers were being told 
about the inquiry method but not trained in how to utilize 
it as a teaching method. As far as college biology courses 
were concerned, it appears, from data generated in this 
study, that there was no involvement in the reform process 
whatsoever. On this level, it was like a change in high 
school biology never occurred. On the high school level, 
the reform curricula were being instituted by teachers who 
may not have adequate backgrounds for the content or the 
teaching methods advocated. It appears that all of these 
assumptions and issues were not adequately addressed in the 
context of the reform cycle in a way that enabled the 
reforms to be successfully implemented on the high school 
level.
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Table 10
Trend Evaluation for Modern Biology Textbooks: Scientific Method
Skill_________________________________________ Modern Biology
51 56 60 63 65 69 73
General aDoroach sub-iect:
bioloaical X X X X X X X
chemical
Dhvsical
socioloaical
economical
technoloaical
historical X
bioaraDhical
mathematical
environmental
introduction X X X X X X X
other
subiect not mentioned
Devices used: None
ohotoaranhs X X X X X X X
illustrations X
charts
araohs
diaarams
tables
cruotes
simulations/aames
maos
Punnet sauares
Learnina obiects/exanroles:
unioue to science X X X X X X
common to evervdav life X X X X
Lab activity is included:
ves X X X
intearated X
additional X X
extension
no X X X X
Orientation to science:
readina X X X X X X X
discussina
doina X
lonaina to know and understand X X X X X
auestionina X X X X X X X
resDectina loaic X X X X X X
considerina conseauences
collectina data X X X X X X X
demandina verification X X X X X
recoanizina Datterns & relationshios X X X X
recoanizina limits of science
recoanizina scientific develooment X
beina aware of social imDlications X X X X X
tentativeness
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51 56 60 63 65 69 73
Gains knowledae:
readina X X X X X X X
doina X
facts
concepts
theories X X
principles/laws X X X X
models X X X X X X X
classification X X X X X X X
information sources
scientific terminoloav X X
scientific techniaues/procedures X
Acauires inouirv skillst
readina X X X X X X X
discussina
doina X
recoanize problems & ask ouestions X X X X X X X
recoanize need for theoretical model X X X X X X X
deduce hvDothesis theoretical model X
ext>er iment ina X X X X X X X
oerformina laboratorv techniaues X
formulatina hvDotheses X X X X X X X
desianina procedures X X X X X X X
operationally definina
aeneralizina
predictina
classifvina
identifvina & controllina variables X X X X X X X
observina X X X X X X X
recordina observations X X X X X X X
measurina X X X X X X
verifvina X X X X X
realicatina procedure X X X X
analvzina data X X X
orocessina experimental data
computational skills X X X X X X
araohina X X X X X X
interpretina data X
inferrina
interpolatina
extrapolatina
concludina X X X X X X X
translate content svmbolic forms X X X X X X X
communicatina results X X X X X X
identifvina/aoolvina in a new context X
intearatina with previous knowledae X X X X
formina theories
Level learns each process:
knowledae X X X X X X X
comprehension X
application
analvsis
svnthesis
evaluation
The student: NA X X X X
receives complete directions X X X
oooortunitv to oraanize unit
is autonomous
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51 56 60 63 65 69 73
Each arouD of students:
reads the same material X X X X X X X
does essentiallv the same task
different task/oart laraer task
Student roles:
Dassive X X X X X X X
active
rote resoonse
creative resoonse
End of chanter review focuses:
knowledae X X X X X
comorehens ion X X X X X X X
aoDlication X X X X X
analvsis X X
svnthesis X X
evaluation
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Table 11
Trend Evaluation for Modern Biology Textbooks: Classification
Skill_________________________________________ Modern Biology
51 56 60 63 65 69 73
General approach subiect:
bioloaical X X X X X X X
chemical
ohvsical
socioloaical
economical
technoloaical
historical X X X X X X X
bioaraphical
mathematical
environmental
introduction X X
other
subiect not mentioned
Devices used: None
DhotoaraDhs X X X X X X X
illustrations X X X X X
charts X X X
araDhs
diaarams
tables X X X X X X
ouotes
simulations/aames
maos
Punnet scruares
Learning obiects/examDles:
unicrue to science X X X X X X X
common to evervdav life X X X X X X
Lab activity is included:
ves
intearated
additional
extension
no X X X X X X X
Orientation to science:
readina X X X X X X X
discussina
doina
lonaina to know and understand X
auestionina X X X X X X
resoectina loaic
considerina conseauences
collectina data X X X
demandina verification
recoanizina Datterns & relationships X X X X X X X
recoanizina limits of science X X
recoanizina scientific development
beina aware of social implications
tentativeness X X X
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51 56 60 63 65 69 73
Gains knowledae:
readina X X X X X X X
doina
facts
conceDts
theories
DrinciDles/laws
models X X X X
classification X X X X X X X
information sources
scientific terminoloav X X X X X X X
scientific techniaues/orocedures
Acauires inauirv skills:
readina X X X X X X X
discussina
doina
recoanize problems & ask auestions X
recoanize need for theoretical model X X X X X X
deduce hvoothesis theoretical model
exoer iment ina
oerformina laboratory techniaues
formulatina hypotheses
desianina procedures
operationally definina
aeneralizina
predictina
classifvina X X X X X X X
identifvina & controllina variables
observina X X X X X X X
recordina observations
measurina
verifvina
reolicatina procedure
analvzina data
orocessina experimental data
computational skills
araohina
interoretina data
inferrina
interoolatina
extraoolatina
concludina
translate content svmbolic forms
communicatina results X X X X X X X
identifvina/aoolvina in a new context X
intearatina with previous knowledae X
formina theories
Level learns each process:
knowledae X X X X X X X
comorehens ion
application
analvsis
svnthesis
evaluation
The student: NA X
receives complete directions X X X X X X
oooortunitv to oraanize unit
is autonomous
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51 56 60 63 65 69 73
Each arouD of students:
reads the same material X X X X X X X
does essentiallv the same task
different task/Dart laraer task
Student roles:
oassive X X X X X X X
active
rote resoonse
creative resoonse
End of chanter review focuses:
knowledae X X X X X X
comorehension X X X X X X
aoDlication X X X X X X X
analvsis X
svnthesis X
evaluation
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Table 12
Trend Evaluation for Modern Biology Textbooks: Amphibians
Skill_________________________________________ Modern Bioloov
51 56 60 63 65 69 73
General armroach subiect:
bioloaical X X X X X X X
chemical
ohvsical
socioloaical
economical
technoloaical
historical
bioaraohical
mathematical
environmental
introduct ion X
other
subiect not mentioned
Devices used: None
Dhotoaraohs X X X X X X X
illustrations X X X X X X X
charts
araDhs
diaorams X X X X X X X
tables
cruotes
simulations/aames
maos
Punnet souares
Learnina obiects/examDles:
unioue to science X X X X X X X
common to evervdav life X X X
Lab activitv is included:
ves X
intearated
additional X
extension
no X X X X X X X
Orientation to science:
readina X X X X X X X
discussina
doina
lonaina to know and understand
auestionina
resDectina loaic
considerina conseauences
collectina data
demandina verification
recoanizina Datterns & relationshios X X X X X X X
recoanizina limits of science
recoanizina scientific develooment
beina aware of social imolications X X X X X X X
tentativeness
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51 56 60 63 65 69 73
Gains knowledae:
readina X X X X X X X
doina
facts
conceDts
theories
DrinciDles/laws
models
classification X X X X X X X
information sources
scientific terminoloav X X X X X X X
scientific techniaues/Drocedures
Acauires inauirv skills:
readina X X X X X X X
discussina
doina
recoanize Droblems & ask ouestions
recoanize need for theoretical model
deduce hvDothesis theoretical model
exDerimentina
oerformina laboratorv techniaues
formulatina hvDotheses
desianina Drocedures
operationallv definina
aeneralizina
Dredictina
classifvina X X X X X X X
identifvina & controllina variables
observina X X X X X X X
recordina observations
measurina
verifvina
redicatina Drocedure
analvzina data
Drocessina exoerimental data
comDutational skills
araohina
interoretina data
inferrina
interoolatina
extraDolatina
concludina
translate content svmbolic forms
communicatina results
identifvina/aDolvina in a new context
intearatina with previous knowledae X X X X X X X
formina theories
Level learns each orocess:
knowledae X X X X X X X
comorehens ion
application
analvsis
svnthesis
evaluation
The student: NA X X X X X X X
receives complete directions
oooortunitv to oraanize unit
is autonomous
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51 56 60 63 65 69 73
Each arouD of students:
reads the same material X X X X X X X
does essentiallv the same task
different task/oart laraer task
Student roles:
massive X X X X X X X
active
rote resoonse
creative resr>onse
End of chanter review focuses:
knowledae X X X X X X
comorehens ion X X X X X X X
aDDlication X
analvsis X
synthesis
evaluation
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Table 13
Trend Evaluation for Modern Biology Textbooks: Heredity
Skill_________________________________________ Modern Bioloov
51 56 60 63 65 69 73
General aDnroach subiect:
bioloaical X X X X X X X
chemical
Dhvsical
socioloaical
economical
technoloaical
historical X X X X X X X
bioaraDhical
mathematical
environmental
introduction X
other
subiect not mentioned
Devices used: None
ohotoaraDhs X X
illustrations X X X X X X X
charts X X X X
araDhs X
diaarams
tables X X X X X X
ouotes
simulations/aames
maos
Punnet sauares X X X X X X
Learning obiects/examnles:
unioue to science X X X X X X
common to evervdav life X X
Lab activitv is included:
ves
intearated
additional
extension
no X X X X X X X
Orientation to science:
readina X X X X X X X
discussina
doina
lonaina to know and understand X X X X
auestionina X X X X
resDectina loaic X X X X X
considerina conseauences
collectina data X X X X X X X
demandina verification X X X X X
recoanizina Datterns & relationshios X X X X X X X
recoanizina limits of science
recoanizina scientific develorxnent
beina aware of social imDlications
tentativeness
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51 56 60 63 65 69 73
Gains knowledae:
readina X X X X X X X
doina
facts
conceDts
theories
Drincioles/1aws X X X X X X X
models X X X X X
classification X X X X X X X
information sources
scientific terminoloav X X X X X X X
scientific techniaues/Drocedures
Acauires inauirv skills:
readina X X X X X X X
discussina
doina
recoanize Droblems & ask ouestions X X X
recoanize need for theoretical model X
deduce hvDOthesis theoretical model
exDerimentina X X X X X X X
Derformina laboratory techniaues
formulatina hvDOtheses X X
desianina Drocedures X X X X X X X
ODerationallv definina
aeneralizina
Dredictina X X X
classifvina X X X X X X X
identifvina & controllina variables X X X X X X X
observina X X X X X X X
recordina observations X X X
measurina
verifvina X
reDlicatina Drocedure X X X X
analvzina data X X
Drocessina exDerimental data
comDutational skills X X X X X X X
araDhina
interoretina data X X X
inferrina
intemolatina
extraDolatina
concludina X X X X X
translate content svmbolic forms X X X X X X X
communicatina results X X X X X X X
identifvina/aDDlvina in a new context X X X X X X X
intearatina with previous knowledae X X X
formina theories
Level learns each Drocess:
knowledae X X X X X X X
comDrehension
aDDlication
analvsis
svnthesis
evaluation
The student: NA
receives comDlete directions X X X X X X X
ODDortunitv to oraanize unit
is autonomous
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51 56 60 63 65 69 73
Each arouo of students:
reads the same material X X X X X X X
does essentially the same task
different task/Dart laraer task
Student roles:
Dassive X X X X X X X
active
rote resoonse
creative resoonse
End of chanter review focuses:
knowledae X X X X X X X
coimorehens ion X X X X X X X
aDDlication X X X X X X X
analvsis
svnthesis
evaluation
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Table 14
Trend Evaluation for Modern Biology Textbooks: Ecology
Skill_________________________________________ Modern Biology
51 56 60 63 65 69 73
General accroach subiect:
bioloaical X X X X X
chemical
Dhvsical
sociological
economical
technological
historical
bioaraohical
mathematical
environmental
introduction X X
other
subiect not mentioned
Devices used: None
Dhotoarachs X X X X X X
illustrations X X X X X X
charts X
arachs
diagrams X X
tables
ouotes
simulations/games
macs
Punnet souares
Learnina obiects/examoles:
uniaue to science X X X X X X
common to evervdav life X X X
Lab activitv is included:
ves X X X
intearated
additional X
extension X X
no X X X X X
Orientation to science:
readina X X X X X X X
discussina
doina X
lonaina to know and understand
auestionina
resDectina loaic
considerina conseauences X X X X X X
collectina data X X X
demandina verification X
recoanizina Datterns & relationships X X X X X X X
recoanizina limits of science
recoanizina scientific development
beina aware of social implications X X X X
tentativeness
248
51 56 60 63 65 69 73
Gains knowledae:
readina X X X X X X X
doina X
facts
conceDts X X X X X X X
theories X
DrinciDles/laws X
models X X
classification X X X X
information sources
scientific terminoloav X X X X X
scientific techniaues/orocedures X
Acauires inauirv skills:
readina X X X X X X X
discussina
doina X
recoanize Droblems & ask auestions
recoanize need for theoretical model
deduce hvDothesis theoretical model
exoerimentina
Derformina laboratorv techniaues
formulatina hvDOtheses
desianina Drocedures
ODerationallv definina
aeneralizina
oredictina X X X
classifvina X X X X
identifvina & controllina variables X X
observina X X X X X X X
recordina observations X
measurina X X X X
verifvina X X
reolicatina procedure X
analvzina data
orocessina exDerimental data
comDutational skills X
araohina
interpretina data
inferrina
interoolatina
extraoolatina
concludina
translate content svmbolic forms X X X X
communicatina results
identifvina/aoolvina in a new context X X X
intearatina with previous knowledae X X
formina theories
Level learns each process:
knowledae X X X X X X X
comprehension
application X
analvsis
svnthesis
evaluation
The student: NA X X X X X X
receives complete directions
opportunity to oraanize unit X
is autonomous X
249
51 56 60 63 65 69 73
Each arouD of students:
reads the same material X X X X X X X
does essentially the same task
different task/Dart laraer task
Student roles:
Dassive X X X X X X X
active X
rote resronse X
creative resoonse
End of chanter review focuses:
knowledae X X X X
comorehension X X X X X X X
aDDlication X X X X X
analvsis
synthesis
evaluation
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Table 15
Trend Evaluation for BSCS Textbooks: Scientific Method
Skill_______________________________________ BSCS BLUE______BSCS GREEN
63 68 73 63 68 73
General aDDroach subiect:
bioloaical X X X X X
chemical
Dhvsical
socioloaical X
economical
technoloaical
historical X X X
bioaraDhical
mathematical
environmental
introduction X X X X
other
subiect not mentioned
Devices used: None
DhotoaraDhs X X X X X X
illustrations X X X
charts
araDhs X
diaarams X X X
tables X
cruotes X X X
simulations/aames
maos
Punnet sauares
Learnina obiects/examnles:
unicrue to science X X X X X X
common to evervdav life X X X
Lab activity is included:
ves X X X X X X
intearated X X X X X X
additional
extension
no
Orientation to science:
readina X X X X X X
discussina
doina X X X X X X
lonaina to know and understand X X X X X X
auestionina X X X X X X
resDectina loaic
considerina conseauences X
collectina data X X X X X
demandina verification X X X X X
recoanizina Datterns/relationshios X X X
recoanizina limits of science X
recoanizina scientific development
aware of social iimolications X
tentativeness
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63 68 73 63 68 73
Gains knowledae:
readina X X X X X X
doina X X X X X X
facts X X
conceDts X
theories X X X
DrinciDles/laws
models X X X X
classification
information sources
scientific terminoloav X X X X
scientific techniaues/orocedures X X X
Acauires inauirv skills:
readina X X X X X X
discussina
doina X X X X X X
recoanizina Droblems/ask ouestions X X X X X X
recoanizina need theoretical model
deduce hvDothesis theoretical model X
exDer iment ina X X X X X X
Derformina laboratorv technioues
formulatina hvootheses X X X X X
desianina orocedures X X X X
ODerationallv definina
aeneralizina
Dredictina X X X X
classifvina
identifvina & control1ina variables X X X
observina X X X X X X
recordina observations X X X X X X
measurina X X X X X X
verifvina X X X X X X
reDlicatina Drocedure X X X X X X
analvzina data X
Drocessina exDerimental data
comDutational skills X X X
araohina X
interoretina data X X X
inferrina
interoo1at ina
extraoolatina
concludina X X
translate content svmbolic forms
communicatina results X X X X
identifv/aDDlv in a new content X
intearatina with Drevious knowledae
formina theories
Level learns each Drocess:
knowledae X X X X X X
comDrehension
aDDlication
analvsis
svnthesis
evaluation
The student: NA X X X X
receives comDlete directions X X
ODDortunitv to oraanize unit
is autonomous
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63 68 73 63 68 73
Each arouo of students:
reads the same material X X X X X X
does essentiallv the same task X
different task/Dart laraer task
Student roles:
oassive X X X X X X
active X X X
rote resoonse
creative resoonse X
End of chaDter review focuses:
knowledae X X
comDrehens ion X X X X X X
aDDlication X X
analvsis
svnthesis
evaluation
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Table 16
Trend Evaluation for BSCS Textbooks: Classification
Skill_______________________________________ BSCS BLUE______BSCS GREEN
63 68 73 63 68 73
General annroach subiect:
bioloaical X X X X X X
chemical
Dhvsical
socioloaical
economical
technoloaical
historical X X X X X X
bioaraohical
mathematical
environmental
introduction X X X X
other
subiect not mentioned
Devices used: None
ohotoaranhs X X X X X X
illustrations X X X X X X
charts X X X X
araohs
diaarams X
tables X X
ouotes X X
simulations/aames
maDS
Punnet souares
Learnina obiects/exanrales:
uniaue to science X X X X
common to evervdav life X X X X X X
Lab activitv is included:
ves X X X X X
intearated X X X X
additional
extension X
no X
Orientation to science:
readina X X X X X X
discussina
doina X X X X
lonaina to know and understand
auestionina X X X
resDectina loaic
considerina conseauences
collectina data X X X X
demandina verification X
recoanizina oatterns/relationships X X X X X X
recoanizina limits of science
recoanizina scientific development
aware of social implications
tentativeness X
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63 68 73 63 68 73
Gains knowledae:
readina X X X X X X
doina X X X X
facts
conceDts X X
theories X
nrincinles/laws
models X X X
classification X X X X X X
information sources
scientific terminoloav X X X X X X
scientific techniaues/procedures
Acauires inauirv skills:
readina X X X X X X
discussina
doina X X X X
recoanizina Droblems/ask Questions
recoanizina need theoretical model X X X X X
deduce hvDothesis theoretical model
exDerimentina X X X
oerformina laboratorv techniaues
formulatina hvDOtheses X X X
desianina procedures
operationally definina
aeneralizina
predictina
classifvina X X X X X X
identifvina & control1ina variables
observina X X X X X X
recordina observations
measurina
verifvina X X
reolicatina procedure
analvzina data
processina experimental data
computational skills
araphina
interpretina data X X X X
inferrina
internolatina
extranolatina
concludina
translate content svmbolic forms
communicatina results X X X X
identifv/aoolv in a new content
intearatina with previous knowledae X X
formina theories
Level learns each process:
knowledae X X X X X
comorehens ion
application
analvsis
svnthesis
evaluation
The student: NA X X X
receives complete directions X X
opoortunitv to oraanize unit X
is autonomous
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63 68 73 63 68 73
Each arouD of students:
reads the same material X X X X X X
does essentially the same task
different task/oart laraer taBk
Student roles:
Dassive X X X X X X
active X X
rote resoonse
creative resoonse X
End of chaDter review focuses:
knowledae
comnrehens ion X X X X X X
aoDlication X X X X X X
analysis X X
svnthesis
evaluation
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Table 17
Trend Evaluation for BSCS Textbooks: Amphibians
Skill_______________________________________ BSCS BLUE______BSCS GREEN
63 68 73 63 68 73
General encroach subiect:
bioloaical X X X X X X
chemical
Dhvsical
socioloaical
economical
technoloaical
historical
bioaraDhical
mathematical
environmental
introduction X
other
subiect not mentioned
Devices used: None
Dhotoaranhs X X X
illustrations X X X X X X
charts
aranhs
diaarams X
tables
cruotes
simulations/aames
maos
Punnet souares
Learnina obiects/examnles:
unicrue to science X X X X X X
common to evervdav life
Lab activitv is included:
ves X X X X X
intearated X
additional
extension X X X X
no X
Orientation to science:
readina X X X X X X
discussina
doina X
lonaina to know and understand
auestionina X X
resoectina loaic X X
considerina conseauences
collectina data X X
demandina verification
recoanizina patterns/relationshios X X X X X X
recoanizina limits of science
recoanizina scientific development
aware of social implications X
tentativeness
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63 68 73 63 68 73
Gains knowledaet
readina X X X X X X
doina X
facts
concents
theories
DrinciDles/laws
models X
classification X X X X X
information sources
scientific terminoloav X
scientific techniaues/Drocedures X
Acauires inauirv skills:
readina X X X X X X
discussina
doina X
recoanizina t>roblems/ask Questions X
recoanizina need theoretical model
deduce hvDothesis theoretical model
exDer iment ina X X
Derformina laboratorv techniaues X X
formulatina hvDotheses X
desianina procedures
ooerationallv definina
aeneralizina
predictina
classifvina X X X X X
identifvina & controllina variables X
observina X X X X X
recordina observations X X
measurina X
verifvina
renlicatina procedure
analvzina data X X
orocessina experimental data X
computational skills X
araohina
interpretina data X X
inferrina
interpolatina
extrapolatina
concludina X
translate content svmbolic forms
communicatina results X X
identifv/aoolv in a new content
intearatina with previous knowledae X
formina theories
Level learns each process:
knowledae X X X X
comorehens ion X X
application X
analvsis X
svnthesis X
evaluation
The student: NA X X X X
receives complete directions X X
oooortunitv to oraanize unit
is autonomous
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63 68 73 63 68 73
Each orouo of students:
reads the same material X X X X X X
does essentiallv the same task X
different task/oart laraer task X
Student roles:
Dassive X X X X X X
active X X
rote resr>onse
creative resDonse X
End of chaDter review focuses: NA X X X X
knowledae
comnrehens ion X X
aoDlication
analvsis
svnthesis
evaluation
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Table 18
Trend Evaluation for BSCS Textbooks: Heredity
Skill_______________________________________ BSCS BLUE______BSCS GREEN
63 68 73 63 68 73
General accroach subiect:
bioloaical X X X X X X
chemical
chvsical
socioloaical
economical
technoloaical
historical X X X X X X
bioarachical
mathematical
environmental
introduction
other
subiect not mentioned
Devices used: None
chotoarachs X X X X X
illustrations X X X X X X
charts X X X
crraohs
diaarams X
tables X X X X X X
cruotes
simulations/aames
macs
Punnet souares
Learnina obiects/examcles:
unicrue to science X X X X X
common to evervdav life X X
Lab activity is included:
ves X X X X X X
intearated X X X X X X
additional
extension
no
Orientation to science:
readina X X X X X X
discussina
doina X X X X X X
lonaina to know and understand X
auestionina X X X X
rescectina loaic X
considerina conseauences
collectina data X X X X X
demandina verification X X
recoanizina Datterns/relationshios X X X X X
recoanizina limits of science
recoanizina scientific development
aware of social imolications
tentativeness
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63 68 73 63 68 73
Gains knowledae:
readina X X X X X X
doino X X X X X X
facts
concents
theories X X X X X
principles/laws X X X X X X
models
classification X X X X X
information sources
scientific terminoloav X X X X X X
scientific techniaues/procedures X
Acouires inauirv skills:
readina X X X X X X
discussina
doina X X X X X
recoanizina oroblems/ask ouestions X
recoanizina need theoretical model X
deduce hvoothesis theoretical model
exoerimentina X X X X X X
Derformina laboratorv techniaues X
formulatina hvDOtheses X X
desianina Drocedures X X X X X X
ooerationallv definina
aeneralizina X X
Dredictina X X X
classifvina X X X X X X
identifvina & controllina variables X X X X X X
observina X X X X X
recordina observations X X X X
measurina X
verifvina X X X
reolicatina orocedure X X X X X X
analvzina data X X X X
Drocessina exoerimental data X
comDutational skills X X X X X X
araDhina
interpretina data X X
inferrina
interpolatina
extraoolatina
concludina X X X X X X
translate content svmbolic forms X X X X X
communicatina results X X X X
identifv/aDDlv in a new content X
intearatina with previous knowledae X
formina theories
Level learns each Drocess:
knowledae X X X X X
comprehension X X
aoDlication
analvsis
svnthesis
evaluation
The student: NA X X X X
receives complete directions X X
oooortunitv to oraanize unit X
is autonomous
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63 68 73 63 68 73
Each arouo of students:
reads the same material X X X X X X
does essentially the same task X
different task/part laraer task
Student roles:
passive X X X X X X
active X X X X X X
rote response X
creative response X
End of chanter review focuses:
knowledae X
comprehension X X X X X X
application X X X X X X
analysis X X X
svnthesis X
evaluation
Table 19
Trend Evaluation for BSCS Textbooks: Ecology
Skill_______________________________________ BSCS BLUE______BSCS GREEN
63 68 73 63 68 73
General aDDroach sub-iect:
bioloaical X X X X X X
chemical
Dhvsical
socioloaical
economical
technoloaical
historical
bioaraDhical
mathematical
environmental
introduction
other
subiect not mentioned
Devices used: None
Dhotoaraohs X X X X X X
illustrations X X X X X X
charts
araDhs X X
diaarams X X X X
tables
cruotes X
simulations/aames
maos X
Punnet souares
Learnina ob-iects/examDles:
unicrue to science X X X X X
common to evervdav life X X X
Lab activitv is included:
ves X X X X X X
intearated X X X X
additional X
extension X
no
Orientation to science:
readina X X X X X X
discussina
doina X X X X X
lonaina to know and understand X X X
auestionina X X
resDectina loaic
considerina conseauences X X X X
collectina data X X X
demandina verification X
recoanizina oatterns/relationships X X X X X X
recoanizina limits of science
recoanizina scientific development
aware of social implications X X
tentativeness
263
63 68 73 63 68 73
Gains knowledae:
readina X X X X X X
do ina X X X X X
facts
conceDts X X X X
theories
principles/laws X
models X
classification X X X X X X
information sources
scientific terminoloav X X X X X X
scientific techniaues/Drocedures
Acauires inauirv skills:
readina X X X X X X
discussina
do ina X X X X X
recoanizina Droblems/ask Questions
recoanizina need theoretical model X
deduce hvDOthesis theoretical model
exnerimentina X
nerformina laboratory techniaues X
formulatina hvDotheses X X
desianina Drocedures
oDerationallv definina
aeneralizina X
predictina
classifvina X X X X X X
identifvina & controllina variables X
observina X X X X X X
recordina observations
measurina X X
verifvina X
reDlicatina procedure
analvzina data X X X
processina experimental data
computational skills X
araohina X X
interpretina data
inferrina
interpolatina
extrapolatina
concludina X
translate content svmbolic forms X X
communicatina results X X X
identifv/applv in a new content
intearatina with previous knowledae X
formina theories
Level learns each process:
knowledae X X X X X X
comprehension X
application X
analvsis X
svnthesis
evaluation
The student: NA X X X X X X
receives complete directions
ODDortunitv to oraanize unit
is autonomous
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63 68 73 63 68 73
Each arouo of students:
reads the same material X X X X X X
does essentially the same task X
different task/Dart laraer task
Student roles:
Dassive X X X X X X
active X X X X X
rote resoonse
creative resoonse X
End of chaDter review focuses:
knowledae
comorehens ion X X X X X X
aoolication X X X X X
analvsis X X
svnthesis
evaluation
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Table 20
Trend Evaluation for Villee Textbooks: Scientific Method
Skill_________________________________________________ Villee
50 54 57 62 67 72
General accroach subiect:
bioloaical X X X X X X
chemical
ohvsical
socioloaical
economical
technoloaical
historical
bioaraDhical
mathematical
environmental
introduction X X X X X
other
subiect not mentioned
Devices used: None X X X X X X
chotoaraDhs
illustrations
charts
araohs
diaarams
tables
ouotes
simulations/aames
maos
Punnet sauares
Learnina obiects/examcles:
unioue to science X X X X
common to evervdav life X X X X X
Lab activitv is included:
ves
intearated
additional
extension
no X X X X X X
Orientation to science:
readina X X X X X X
discussina
doina
lonaina to know and understand
auestionina X X X
resDectina loaic X X X X X X
considerina conseauences X
collectina data X X X X X
demandina verification X X X X X
recoanizina patterns/relationships X X X X X X
recoanizina limits of science
recoanizina scientific development
aware of social implications X X X X X
tentativeness
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50 54 57 62 67 72
Gains knowledae:
readina X X X X X X
do ina
facts
concepts X
theories X X X X X
DrinciDles/laws X X X X X
models X X X X X X
classification
information sources X X X X X
scientific terminoloav X X X X X
scientific techniaue/procedures
Acauires inauirv skills:
readina X X X X X X
discussina
doina
recoanize Droblems/ask Questions X X X
recoanize need theoretical model
deduce hypothesis theoretical model
exoerimentina X X X X X X
Derformina laboratory techniaues
formulatina hvDotheses X X X X X
desianina Drocedures X X X X X
ODerationallv definina
aeneralizina X X X X X
Dredictina X X X X X
classifvina
identifvina & controllina variables X X X X X
observina X X X X X X
recordina observations
measurina X X X X X
verifvina X X X X X
reDlicatina procedure X X X X X
analvzina data X X X X X
Drocessina experimental data
comDutational skills X X X X X
araDhina
interpretina data X X X X X
inferrina
interDolatina
extraDolatina
concludina X X X X X
translate content svmbolic forms
communicatina results X X X X X
identifv/aDDlv in a new context
intearatina with Drevious knowledae X X X X
formina theories X
Level learns each process:
knowledae X X X X X X
comprehension
application
analvsis
svnthesis
evaluation
The student: NA X X X X X
receives complete directions X
ODDortunitv to oraanize unit
is autonomous
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50 54 57 62 67 72
Each arouD of students:
reads the same material X X X X X X
does essentiallv the same task
different task/cart laraer task
Student roles:
oassive X X X X X X
active
rote resoonse
creative resoonse
End of chanter review focuses: NA X
knowledae X
conmrehens ion X X X X X
aDDlication X X X X X
analvsis
svnthesis X X
evaluation
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Table 21
Trend Evaluation for Villee Textbooks: Classification
Skill_________________________________________________ Villee
50 54 57 62 67 72
General aDnroach subiect:
bioloaical X X X X X X
chemical
Dhvsical
socioloaical
economical
technoloaical
historical X X X X X
bioaraDhical
mathematical
environmental
introduction X X
other
subiect not mentioned
Devices used: None
Dhotoaraohs
illustrations X
charts
araohs
diaarams
tables
ouotes X X X X X
simulations/aames
maDS
Punnet souares
Learning obiects/exanroles:
unioue to science X X X X X X
common to evervdav life
Lab activity is included:
ves
intearated
additional
extension
no X X X X X X
Orientation to science:
readina X X X X X X
discussina
doina
lonaina to know and understand
auestionina
resnectina loaic
considerina conseauences
collectina data
demandina verification
recoanizina Datterns/relationshiDS X X X X X X
recoanizina limits of science
recoanizina scientific development
aware of social imDlications
tentativeness X X
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50 54 57 62 67 72
Gains knowledae:
readina X X X X X X
doina
facts
conceDts
theories
Drincides/laws
models
classification X X X X X X
information sources
scientific terminoloav X X X X X X
scientific techniaue/Drocedures
Acauires inauirv skills:
readina X X X X X X
discussina
doina
recoanize problems/ask Questions
recoanize need theoretical model X X X X X
deduce hvDothesis theoretical model
exDerimentina
Derformina laboratory techniaues
formulatina hvDotheses
desianina Drocedures
ODerationallv definina
aeneralizina
predictina
classifvina X X X X X X
identifvina & controllina variables
observina X X X X X
recordina observations
measurina
verifvina
redicatina Drocedure
analvzina data
processina experimental data
computational skills
araphina
interpretina data
inferrina
interpolatina
extrapolatina
concludina
translate content svmbolic forms
communicatina results X X X X X X
identifv/aDDlv in a new context
intearatina with previous knowledae
formina theories
Level learns each process:
knowledae X X X X X X
comprehens ion
application
analvsis
svnthesis
evaluation
The student: NA X X X X X
receives complete directions X
oPDortunitv to oraanize unit
is autonomous
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50 54 57 62 67 72
Each arouD of students:
reads the same material X X X X X X
does essentially the same task
different task/Dart laraer task
Student roles:
Dassive X X X X X X
active
rote response
creative response
End of chanter review focuses:
knowledae
comprehension X X X X X X
application
analvsis
svnthesis
evaluation
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Table 22
Trend Evaluation for Villee Textbooks: Amphibians
Skill_________________________________________________ Villee
50 54 57 62 67 72
General ansroach subiect:
bioloaical X X X X X X
chemical
Dhvsical
socioloaical
economical
technoloaical
historical
bioaraohical
mathematical
environmental
introduct ion X X
other
subiect not mentioned
Devices used: None X X
ohotocrraDhs X X X X
illustrations X X
charts
araDhs
diaarams X X X
tables
ouotes
simulations/aames
maos
Punnet scruares
Learnina obiects/examDles:
unicrue to science X X X X X X
common to evervdav life X X
Lab activitv is included:
ves
intearated
additional
extension
no X X X X X X
Orientation to science:
readina X X X X X X
discussina
doina
lonaina to know and understand
aruestionina
resnectina loaic
considerina conseauences
collectina data
demandina verification
recoanizina Datterns/relationships X X X X X X
recoanizina limits of science
recoanizina scientific development
aware of social implications
tentativeness
272
50 54 57 62 67 72
Gains knowledae:
readina X X X X X X
doina
facts
concepts
theories
principles/laws
models
classification X X X X X X
information sources
scientific terminoloav X X X
scientific techniaue/procedures
Acauires inauirv skills:
readina X X X X X X
discussina
doina
recoanize problems/ask auestions
recoanize need theoretical model
deduce hypothesis theoretical model
exoerimentina
oerformina laboratory techniaues
formulatina hypotheses
desianina procedures
operationally definina
aeneralizina
predictina
classifvina X X X X X X
identifvina & controllina variables
observina X X X
recordina observations
measurina
verifvina
replicatina procedure
analvzina data
orocessina experimental data
computational skills
araohina
interpretina data
inferrina
internolatina
extrapolatina
concludina
translate content symbolic forms
communicatina results
identifv/aonlv in a new context
intearatina with previous knowledae
formina theories
Level learns each process:
knowledae X X X X X X
comprehension
application
analvsis
svnthesis
evaluation
The student: NA X X X X X X
receives complete directions
opportunity to oraanize unit
is autonomous
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50 54 57 62 67 72
Each arouo of students:
reads the same material X X X X X X
does essentially the same task
different task/oart laraer task
Student roles:
oassive X X X X X X
active
rote resoonse
creative resoonse
End of chaDter review focuses: NA X X
knowledae X
comorehension X X X
aoDlication X
analvsis
svnthesis
evaluation
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Table 23
Trend Evaluation for Villee Textbooks: Heredity
Skill_________________________________________________ Villee
50 54 57 62 67 72
General accroach subiect:
bioloaical X X X X X X
chemical
nhvsical
socioloaical
economical
technoloaical
historical X X X
bioarachical
mathematical X
environmental
introduction
other
subiect not mentioned
Devices used: None
ohotoaraDhs
illustrations X X X X X X
charts
araDhs
diaarams X X X X
tables X X X X
ouotes
simulations/aames
macs
Punnet scruares X X X X X
Learnina obiects/examoles:
unioue to science X X X X X X
common to evervdav life X X X X
Lab activity is included:
ves
intearated
additional
extension
no X X X X X X
Orientation to science:
readina X X X X X X
discussina
doina
lonaina to know and understand X X
auestionina
resoectina loaic X
considerina conseauences X X X X
collectina data X X X X
demandina verification
recoanizina oatterns/relationshics X X X X X X
recoanizina limits of science
recoanizina scientific development
aware of social imdications
tentativeness
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50 54 57 62 67 72
Gains knowledae:
readina X X X X X X
doina
facts
concents
theories
DrinciDles/laws X X X X X X
models X X X X X X
classification X X X X X
information sources
scientific terminoloav X X X X X X
scientific techniaue/Drocedures
Acauires inauirv skills:
readina X X X X X X
discussina
doina
recoanize Droblems/ask Questions
recoanize need theoretical model X X X X X X
deduce hvDothesis theoretical model
exDerimentina X X X X
Derformina laboratorv techniaues
formulatina hvDotheses X
desianina Drocedures
ODerationallv definina
aeneralizina
Dredictina X X X
classifvina X X X X X
identifvina & controllina variables X X X X
observina X X X X X X
recordina observations X X X X X X
measurina X
verifvina
reDlicatina orocedure
analvzina data
Drocessina exDerimental data
comDutational skills X X X X X X
araDhina
intemretina data X
inferrina X X X
intemolatina
extraDOlatina
concludina X
translate content svmbolic forms X X X X X X
communicatina results X X X X
identifv/aDDlv in a new context X X X X X X
intearatina with Drevious knowledae
formina theories
Level learns each Drocess:
knowledae X X X X X X
comDrehension
aDDlication
analvsis
svnthesis
evaluation
The student: NA
receives comDlete directions X X X X X X
oDDortunitv to oraanize unit
is autonomous
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50 54 57 62 67 72
Bach arouo of students!
reads the same material X X X X X X
does essentiallv the same task
different task/Dart laraer task
Student roles:
Dassive X X X X X X
active
rote resoonse
creative resoonse
End of chanter review focuses:
knowledae X X X
comorehens ion X X X X X X
aDDlication X X X X X X
analvsis X X X
svnthesis X X X X X X
evaluation
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Table 24
Trend Evaluation for Villee Textbooks: Ecology
Skill_________________________________________________ Villee
50 54 57 62 67 72
General aoDroach subiect:
bioloaical X X X X X X
chemical
Dhvsical
socioloaical
economical
technoloaical
historical
bioaraohical
mathematical
environmental
introduction X
other
subiect not mentioned
Devices used: None X
ohotoaraohs
illustrations X X X X X
charts
araohs
diaarams X
tables
auotes
simulations/aames
maos
Punnet scruares
Learnina obiects/examnles:
unioue to science X X X X
common to evervdav life X X
Lab activitv is included:
ves
intearated
additional
extension
no X X X X X X
Orientation to science:
readina X X X X X X
discussina
doina
lonaina to know and understand
auestionina
resoectina loaic
considerina conseauences X X X
collectina data
demandina verification
recoanizina Datterns/relationshios X X X X X X
recoanizina limits of science
recoanizina scientific develoDment
aware of social imDlications
tentativeness
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50 54 57 62 67 72
Gains knowledae:
readina X X X X X X
doina
facts
conceots X X X X X X
theories
principles/laws X X X X X
models X X X X X
classification X X X X
information sources
scientific terminoloav X X X X X X
scientific techniaue/Drocedures
Acauires inauirv skills:
readina X X X X X X
discussina
doina
recoanize Droblems/ask Questions
recoanize need theoretical model X X
deduce hvoothesis theoretical model
exc>er iment ina
Derformina laboratory techniaues
formulatina hvDotheses
desianina Drocedures
ODerationallv definina
aeneralizina
Dredictina X X X X X
classifvina X X X X X X
identifvina & controllina variables
observina X X X X X
recordina observations
measurina
verifvina
reolicatina Drocedure
analvzina data
Drocessina exDerimental data
comDutational skills X
araohina
interpretina data
inferrina
intemolatina
extrapolatina
concludina
translate content svmbolic forms
communicatina results
identifv/aDDlv in a new context
intearatina with previous knowledae
formina theories
Level learns each Drocess:
knowledae X X X X X X
comprehension
application
analvsis
svnthesis
evaluation
The student: NA X X X X X X
receives complete directions
ODDortunitv to oraanize unit
is autonomous
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50 54 57 62 67 72
Each arouo of students:
reads the same material X X X X X X
does essentiallv the same task
different task/Dart laraer task
Student roles:
oassive X X X X X X
active
rote resoonse
creative response
End of chaDter review focuses:
knowledae X
comDrehens ion X X X X X X
aDDlication X X X X
analvsis
svnthesis
evaluation
280
Table 25
Trend Evaluation for Weisz Textbooks: Scientific Method
Skill_________________________________________________ Weisz
54 59 63 67 71
General aonroach subiect:
bioloaical X X X X
chemical
ohvsical
socioloaical
economical
technoloaical
historical X X
bioaraDhical
mathematical
environmental
introduction X X X
other
subiect not mentioned X
Devices used: None X X X X
DhotoaraDhs
illustrations
charts
araohs
diacrrams
tables
ouotes
simulations/aames
maos
Punnet souares
Learning obiects/examDles:
unioue to science X X X X
common to evervdav life X X
Lab activity is included:
ves
intearated
additional
extension
no X X X X
Orientation to science:
readina X X X X
discussina
doina
lonaina to know and understand X X
auestionina X X X X
resDectina loaic X X
considerina conseauences X X
collectina data X X X X
demandina verification X X X X
recoanizina oatterns & relationshios X
recoanizina limits of science X X X X
recoanizina scientific develooment X X X
beina aware of social imDlications X X
tentativeness
281
54 59 63 67 71
Gains knowledae:
readina X X X X
doina
facts
conceDts
theories X X X X
Drincioles/laws X X X X
models X X X X
classification
information sources
scientific terminoloav
scientific techniaues/Drocedures
Acauires inauirv skills:
readina X X X X
discussina
doina
recoanizina Droblems & askina auestions X X X X
recoanizina need for theoretical model X
deducina hvDothesis from theoretical model
exDer iment ina X X X X
Derformina laboratory techniaues
formulatina hvDOtheses X X X X
desianina Drocedures X X X X
ODerationallv definina
aeneralizina
Dredictina X X X X
classifvina
identifvina & controllina variables X X X X
observina X X X X
recordina observations
measurina
verifvina X X X X
reolicatina Drocedure X X X X
analvzina data X X X
Drocessina experimental data
comDutational skills X X
araDhina
interDretina data X X
inferrina
interDolatina
extraDolatina
concludina X X X
translatina content from symbolic forms
communicatina results X X X X
identifvina & aDDlvina in a new context X
intearatina with Drevious knowledae
formina theories X X X
Level learns each orocess:
knowledae X X X X
comDrehension
aDDlication
analvsis
svnthesis
evaluation
The student: NA X X X X
receives comDlete directions
ODDortunitv to oraanize unit
is autonomous
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54 59 63 67 71
Each arouo of students:
reads the same material X X X X
does essentiallv the same task
different task/Dart laraer task
Student roles:
Dassive X X X X
active
rote resoonse
creative resoonse
End of chaDter review focuses:
knowledae X X
comorehens ion X X X
aoDlication X X
analvsis X X
svnthesis
evaluation
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Table 26
Trend Evaluation for Heisz Textbooks: Classification
54 59 63 67 71
General accroach subiect:
bioloaical X X X X X
chemical
chvsical
socioloaical
economical
technoloaical
historical X X X
bioaraDhical
mathematical
environmental
introduct ion
other
subiect not mentioned
Devices used: None
chotoaraDhs X X X
illustrations X
charts X X
araDhs
diaarams X
tables X X X X
ouotes
simulations/aames
maos
Punnet souares
Learnina obiects/examoles:
uniaue to science X X X X X
common to evervdav life
Lab activitv is included:
ves
intearated
additional
extension
no X X X X X
Orientation to science:
readina X X X X X
discussina
doina
lonaina to know and understand
cruestionina
resDectina loaic
considerina conseauences
collectina data
demandina verification
recoanizina patterns & relationships X X X X X
recoanizina limits of science
recoanizina scientific development
beina aware of social implications
tentativeness X
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54 59 63 67 71
Gains knowledoe:
readina X X X X X
doina
facts
concents
theories
DrinciDles/laws
models
classification X X X X X
information sources
scientific terminoloov X X X X X
scientific technioues/Drocedures
Acouires inouirv skills:
readina X X X X X
discussina
doina
recoanizina Droblems & askina auestions
recoanizina need for theoretical model X
deducina hvDothesis from theoretical model
experimentina
Derformina laboratorv techniaues
formulatina hvootheses
desianina procedures
ODerationallv definina
aeneralizina
predictina
classifvina X X X X X
identifvina & controllina variables
observina
recordina observations
measurina
verifvina
reolicatina procedure
analvzina data
processina experimental data
computational skills
araohina
interoretina data
inferrina
interpolatina X
extrapolatina
concludina
translatina content from symbolic forms
communicatina results
identifvina & aoolvina in a new context
intearatina with previous knowledae
formina theories
Level learns each process:
knowledae X X X X X
comprehension
application
analysis
synthesis
evaluation
The student: NA X X X X
receives complete directions X
opportunity to oraanize unit
is autonomous
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54 59 63 67 71
Each orouD of students:
reads the same material X X X X X
does essentiallv the same task
different task/oart laraer task
Student roles:
oassive X X X X X
active
rote resDonse
creative resrtonse
End of chaDter review focuses: NA X
knowledae X X X
comDrehens ion X X X
aDDlication
analvsis
svnthesis
evaluation
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Table 27
Trend Evaluation for Weisz Textbooks: Amphibians
Skill_________________________________________________ Weisz
54 59 63 67 71
General aoDroach subiect:
bioloaical X X X X
chemical
ohvsical
socioloaical
economical
technoloaical
historical
bioaraohical
mathematical
environmental
introduction
other
subiect not mentioned X
Devices used: None
DhotoaraDhs X X
illustrations X X
charts
aranhs
diaarams
tables X
ouotes
simulations/aames
mans
Punnet scruares
Learnincr obiects/examnles:
uniaue to science X X X X
common to evervdav life
Lab activitv is included:
ves
intearated
additional
extension
no X X X X
Orientation to science:
readina X X X X
discussina
doina
lonaina to know and understand
ouestionina
resDectina loaic
considerina conseauences
collectina data
demandina verification
recoanizina Datterns & relationshios X X X X
recoanizina limits of science
recoanizina scientific develonment
beina aware of social imDlications
tentativeness
287
54 59 63 67 71
Gains knowledae:
readina X X X X
doina
facts
conceDts
theories
Drincioles/laws
models
classification X X X X
information sources
scientific terminoloav
scientific techniaues/Drocedures
Acauires inauirv skills:
readina X X X X
discussina
doina
recoanizina Droblems & askina auestions
recoanizina need for theoretical model
deducina hvDOthesis from theoretical model
exoeriment ina
oerformina laboratory techniaues
formulatina hypotheses
desianina procedures
operationally definina
aeneralizina
predictina
classifvina X X X X
identifvina & controllina variables
observina
recordina observations
measurina
verifvina
reolicatina procedure
analvzina data
orocessina experimental data
computational skills
araohina
interoretina data
inferrina
interoolatina
extrapolatina
concludina
translatina content from symbolic forms
communicatina results
identifvina & aoolvina in a new context
intearatina with previous knowledae
formina theories
Level learns each process:
knowledae X X X X
comorehens ion
application
analvsis
svnthesis
evaluation
The student: NA X X X X
receives complete directions
opportunity to oraanize unit
is autonomous
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54 59 63 67 71
Each arouo of students:
reads the same material X X X X
does essentiallv the same task
different task/Dart laraer task
Student roles:
Dassive X X X X
active
rote resDonse
creative resDonse
End of chanter review focuses: NA X
knowledae X X
comDrehens ion X X
aDDlication
analvsis
svnthesis
evaluation
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Table 28
Trend Evaluation for Weisz Textbooks: Heredity
Skill_________________________________________________ Weisz
54 59 63 67 71
General annroach sub-iect:
bioloaical X X X X X
chemical
Dhvsical
socioloaical
economical
technoloaical
historical X X X X
bioaraohical
mathematical
environmental
introduction X
other
subiect not mentioned
Devices used: None
DhotoaraDhs X X
illustrations X X X X X
charts
araDhs
diaarams X
tables
ouotes
simulations/acunes
maos
Punnet sauares X X X
Learnina obi ect s/examDles:
unicrue to science X X X X X
common to evervdav life X
Lab activitv is included:
ves
intearated
additional
extension
no X X X X X
Orientation to science:
readina X X X X X
discussina
doina
lonaina to know and understand
auestionina
resoectina loaic
considerina conseauences X
collectina data
demandina verification
recoanizina Datterns & relationshiDS X X X X X
recoanizina limits of science
recoanizina scientific develODment
beina aware of social imolications
tentativeness
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54 59 63 67 71
Gains knowledae:
readina X X X X X
doina
facts
conceDts
theories X X
DrinciDles/laws X X X X X
models X
classification X X X
information sources
scientific terminoloav X X X X
scientific techniaues/procedures
Acauires inauirv skills:
readina X X X X X
discussina
doina
recoanizina Droblems & askina auestions
recoanizina need for theoretical model X
deducina hvDothesis from theoretical model
exDeriment ina X X
Derformina laboratorv techniaues
formulatina hvDotheses X X
desianina procedures
operationally definina
aeneralizina X
oredictina X X X X
classifvina X X X X
identifvina & controllina variables
observina X X
recordina observations X X X
measurina
verifvina
reelicatina procedure
analvzina data X X
orocessina experimental data
computational skills X X X X X
araohina
interpretina data X
inferrina
interpolatina
extrapolatina
concludina X X X
translatina content from symbolic forms X X
communicatina results
identifvina & aoolvina in a new context
intearatina with previous knowledae
formina theories
Level learns each process:
knowledae X X X X X
comprehension
application
analysis
svnthesis
evaluation
The student: NA X X
receives complete directions X X X
opportunity to oraanize unit
is autonomous
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54 59 63 67 71
Each arouo of students:
reads the same material X X X X X
does essentiallv the same task
different task/Dart laraer task
Student roles:
Dassive X X X X X
active
rote resDonse
creative resDonse
End of chaDter review focuses: NA X
knowledae X X
comDrehension X X X X
aDDlication X X
analvsis
svnthesis
evaluation
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Table 29
Trend Evaluation for Heisz Textbooks: Ecology
Skill_________________________________________________ Weisz
54 59 63 67 71
General annroach subiect:
biolooical X X X X
chemical
nhvsical
sociolooical
economical
technoloaical
historical
bioaranhical
mathematical
environmental
introduction
other
subiect not mentioned X
Devices used: None
ohotoaraohs X
illustrations X X X X
charts
araohs X
diaarams
tables
ouotes
simulations/aames
maos
Punnet souares
Learning obiects/examnles:
unioue to science X X X X
common to evervdav life
Lab activity is included:
ves
intearated
additional
extension
no X X X X
Orientation to science:
readina X X X X
discussina
doina
lonaina to know and understand
auestionina
resDectina loaic
considerina conseauences X X X
collectina data
demandina verification
recoanizina Datterns & relationshios X X X X
recoanizina limits of science
recoanizina scientific develoDment
beina aware of social imDlications X
tentativeness
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54 59 63 67 71
Oains knowledae:
readina X X X X
doina
facts
conceDts X X X X
theories
Drincides/laws
models
classification X X X X
information sources
scientific terminoloav
scientific techniaues/Drocedures
Acauires inauirv skills:
readina X X X X
discussina
doina
recoanizina problems & askina auestions
recoanizina need for theoretical model
deducina hypothesis from theoretical model
experiment ina
performina laboratory techniaues
formulatina hypotheses
desianina procedures
operationally definina
aeneralizina
oredictina
classifvina X X X X
identifvina & controllina variables
observina X
recordina observations
measurina
verifvina
reolicatina procedure
analvzina data
orocessina experimental data
computational skills X
araohina
interpretina data
inferrina
internolatina
extrapolatina
concludina
translatina content from symbolic forms X
communicatina results
identifvina & aoolvina in a new context
intearatina with previous knowledae
formina theories
Level learns each process:
knowledae X X X X
comorehens ion
application
analvsis
svnthesis
evaluation
The student: NA X X X X
receives complete directions
oooortunitv to oraanize unit
is autonomous
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54 59 63 67 71
Each orouo of students:
reads the same material X X X X
does essentially the same task
different task/Dart laraer task
Student roles:
Dassive X X X X
active
rote resDonse
creative response
End of chanter review focuses:
knowledae X X X
comnrehens ion X X X
application
analvsis
svnthesis
evaluation
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Table 30
Comparison of Trends in Levels of Textbooks: Scientific Methods 
Levels:
HS Bio. High School Biology 
HE Bio. Higher Education Biology 
TE. Teacher Education
Skill______________________________________ HS Bio HE Bio TE
Orientation to science:
lonaina to know and understand X X
ouestionina X X X
resDectina loaic X
considerina conseauences
collectina data X X
demandina verification X X
recoanizina Datterns & relationships X
recoanizina limits of science
recoanizina scientific development
beina aware of social implications X
tentativeness
Gains knowledae:
facts
concepts
theories X
principles/laws X
models X X X
classification
information sources
scientific terminoloav
scientific techniaues/procedures
Acauires inauirv skills:
recoanizina problems & askina auestions X X X
recoanizina need for theoretical model
deducina hvoothesis from theoretical model
experimentina X X X
performina laboratory techniaues
formulatina hvootheses X X X
desianina procedures X X X
operationallv definina
aeneralizina
oredictina X
classifvina
identifvina & controllina variables X X X
observina X X X
recordina observations X X
measurina X X
verifvina X X X
replicatina procedure X X
analvzina data X
orocessina experimental data
computational skills
araohina
interpretina data X
inferrina
interoo1at ina
extraoolatina
concludina X X X
translatina content from symbolic forms X
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HS Bio HE Bio TE
communicatina results X X X
identifvina & aDolvina in a new context
intearatina with orevious knowledae
formina theories X
Level learns each nrocess:
knowledae X X X
comDrehens ion
aDDlication
analvsis
synthesis
evaluation
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Table 31
Comparison of Trends in Levels of Textbooks: Classification
Levels:
HS Bio. High School Biology 
HE Bio. Higher Education Biology 
TE. Teacher Education
Skill______________________________________ HS Bio_____HE Bio_____TE
Orientation to science:
lonaina to know and understand
auestionina X X
resDectina loaic
considerina conseauences
collectina data
demandina verification
recoanizina oatterns & relationshiDS X X X
recoanizina limits of science
recoanizina scientific development
beina aware of social imolications
tentativeness
Gains knowledae:
facts
concepts
theories
DrinciDles/laws
models
classification X X
information sources
scientific terminoloav X X
scientific techniaues/Drocedures
Acauires inauirv skills:
recoanizina problems & askina Questions
recoanizina need for theoretical model X
deducina hvoothesis from theoretical model
experiment ina
performina laboratorv techniaues
formulatina hvnotheses
desianina procedures
operationallv definina
aeneralizina
predictina
classifvina X X
identifvina & controllina variables
observina X X
recordina observations
measurina
verifvina
reolicatina procedure
analvzina data
processina experimental data
computational skills
araohina
interoretina data
inferrina
interpo1at ina
extraoolatina
concludina
translatina content from svmbolic forms
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HS Bio HE Bio TE
communicatina results X X X
identifvina & aoDlvina in a new context
intearatina with orevious knowledae
formina theories
Level learns each Drocess:
knowledae X X X
comorehens ion
aDDlication
analvsis
svnthesis
evaluation
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Table 32
Comparison of Trends in Levels of Textbooks: Amphibians
Levels:
HS Bio. High School Biology 
HE Bio. Higher Education Biology 
TE. Teacher Education
Skill______________________________________ HS Bio HE Bio TE
Orientation to science:
Ionaina to know and understand
auestionina
resr>ectina loaic
considerina conseauences
collectina data
demandina verification
recoanizina Datterns & relationshiDS X X X
recoanizina limits of science
recoanizina scientific development
beina aware of social imolications X X
tentativeness
Gains knowledae:
facts
conceDts
theories
DrinciDles/laws
models
classification X X
information sources
scientific terminoloav X X X
scientific techniaues/Drocedures
Acauires inauirv skills:
recoanizina Droblems & askina auestions
recoanizina need for theoretical model
deducina hvDothesis from theoretical model
exoerimentina
Derformina laboratorv techniaues
formulatina hvDotheses
desianina Drocedures
ODerationallv definina
aeneralizina
Dredictina
classifvina X X X
identifvina & controllina variables
observina X X
recordina observations
measurina
verifvina
redicatina procedure
analvzina data
Drocessina experimental data
computational skills
araphina
interpretina data
inferrina
intemolatina
extrapolatina
concludina
translatina content from svmbolic forms
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HS Bio HE Bio TE
communicatina results
identifvina & aDDlvina in a new context
intearatina with Drevious knowledae X X
formina theories
Level learns each orocesss
knowledae X X X
comrirehens ion
aoDlication
analvsis
svnthesis
evaluation
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Table 33
Comparison of Trends in Levels of Textbooks: Heredity 
Levels:
HS Bio. High School Biology 
HE Bio. Higher Education Biology 
TE. Teacher Education
Skill______________________________________ HS Bio HE Bio TE
Orientation to science:
Ionaina to know and understand
auestionina X X
resDectina loaic
considerina conseauences
collectina data X X
demandina verification
recoanizina oatterns & relationships X X X
recoanizina limits of science
recoanizina scientific development
beina aware of social implications
tentativeness
Gains knowledae:
facts
concepts
theories
principles/laws X X X
models
classification X X
information sources
scientific terminoloav X X
scientific techniaues/procedures
Acauires inauirv skills:
recoanizina problems & askina auestions
recoanizina need for theoretical model
deducina hvpothesis from theoretical model
exoer iment ina X X
oerformina laboratory techniaues
formulatina hypotheses
desianina procedures X X
operationally definina
aeneralizina
predictina
classifvina X X X
identifvina & controllina variables X X
observina X X X
recordina observations
measurina
verifvina
reolicatina procedure
analvzina data
orocessina experimental data
computational skills X X
araohina
interpretina data
inferrina
interpolatina
extrapolatina
concludina X X
translatina content from symbolic forms X X
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HS Bio_____HE Bio_____TE
communicatina results X X
identifvina & atrolvina in a new context
intearatina with Drevious knowledae
formina theories
Level learns each nrocess:
knowledae X X X
comDrehens ion
aDolication
analvsis
svnthesis
evaluation
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Table 34
Comparison of Trends in Levels of Textbooks: Ecology 
Levels:
HS Bio. High School Biology 
HE Bio. Higher Education Biology 
TE. Teacher Education
Skill______________________________________ HS Bio_____HE Bio_____TE
Orientation to science:
lonaina to know and understand
Questionina
resDectina loaic
considerina conseauences X X
collectina data
demandina verification
recoanizina Datterns & relationships X X X
recoanizina limits of science
recoanizina scientific development
beina aware of social imDlications
tentativeness
Gains knowledae:
facts
conceDts X X X
theories
Drincioles/laws
models
classification X X
information sources
scientific terminoloav X X
scientific techniaues/procedures
Acauires inauirv skills:
recoanizina problems & askina auestions
recoanizina need for theoretical model
deducina hvoothesis from theoretical model
exoer iment ina
oerformina laboratorv techniaues
formulatina hvootheses
desianina procedures
ooerationallv definina
aeneralizina
predictina
classifvina X X X
identifvina & controllina variables
observina X X X
recordina observations
measurina
verifvina
reolicatina procedure
analvzina data
orocessina experimental data
computational skills
araohina
interpretina data
inferrina
interpo1at ina
extrapolatina
concludina
translatina content from svmbolic forms
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HS Bio_____HE Bio_____TE
communicatina results
identifvina & annlvina in a new context
intearatina with Drevious knowledae
formina theories
Level learns each Drocess:
knowledae X X X
conmrehens ion
aDDlication
analvsis
synthesis
evaluation
CHAPTER EIGHT 
Conclusions
Summary of the Study
This was an historical research study designed to 
determine what relationship, if any, existed between 
preservice science (biology) education and the reforms in 
secondary school biology that occurred between 1950 and 
1975. In an effort to discover how reform was coordinated 
between the higher education and secondary education 
sectors, this study sought to analyze what was actually 
occurring in the secondary and college biology classrooms 
and teacher education classrooms during the period of 
reform through an analysis of the textbooks in use at the 
time. The content of higher education teacher education 
methods textbooks and selected portions of higher education 
biology textbooks and secondary school biology textbooks 
were analyzed and compared. It was hypothesized that:
1. The analyses would reveal that innovations and 
reforms in public high school biology textbooks preceded 
reforms in higher education teacher education programs.
2. The analyses would reveal an inordinately long 
period of time before prospective teachers were being
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instructed in the methods necessary for them to function 
effectively in secondary classrooms with innovative 
curricula due to the lack of coordination between the 
higher education and secondary education sectors.
Research Questions Answered
Four research questions were derived from the purpose 
of the study. A summary of the answers are presented here.
1. Did the reformers of high school biology curricula 
work with or consult higher education teacher education 
authorities as the reforms were being developed and 
pursued?
In chapter three, this question was answered 
indirectly from a variety of sources. The literature 
review gave a partial answer through several comments. For 
example, Schwab (1963) states that:
Teachers have come out of the schools; educators have 
come out of colleges and universities; scientists have 
come out of their laboratories; the three groups 
together have begun to learn how to communicate and 
collaborate in producing better materials for our 
schools, (p. 7)
This gave the impression that teacher educators were 
involved in the reform process. However, an investigation 
of the significant players in the reform process produced 
results which would suggest otherwise. Mayer was Chairman
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of the Department of Biology at Wayne State University and 
professor in the Department of Biology at the University of 
Colorado. Brandwein was Chairman of the Department of 
Science at Forest Hills High School before being employed 
by Harcourt Brace and World. Glen E. Peterson was a 
professor of biology at the University of Houston and 
University of Colorado. Addison E. Lee was professor of 
Science Education and Biology and Director of the Science 
Education Center of the University of Texas at Austin and 
BSCS chairman. Schwab was a professor at the University of 
Chicago. Klinckmann was affiliated with the San Francisco 
College for Women. It appears that the majority of the 
reformers were from biology departments and not education. 
While this list does not reflect all of the reformers, 
DeBoer (1991) gives credence to the conclusion made by this 
researcher by stating that education faculty played a 
secondary role in the reform process, if they were involved 
at all. He suggests that there was more input and 
involvement from educational theorists and educational 
psychologists than education faculty. Hurd (1989) concurs 
and states that science educators in colleges and 
universities were left out of the reform process. The NSF 
(1980) reports that reform projects circumvented schools of 
education which caused methods professors to be unfamiliar 
with the materials "with the result that the next 
generation of science teachers were never trained to
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implement the new curricula" (Hurd, 1989, p. 295).
The influence of teacher education faculty was seen 
primarily in the publication of methods textbooks and 
research reports. Authors such as Woodburn (Johns Hopkins 
University) and Richardson (Ohio State University) are 
examples of professors of education who were influential in 
the reform time period due to their publications of methods 
texts. Others like Hurd (Stanford University),
Schlessinger (Edinboro State Teachers College), Watson 
(Harvard University), and Williamson (Oregon State College) 
contributed to the reform movement through their science 
education research. Whether the publications and research 
were due to invitations to work with the reformers or due 
to consultations with them could not be determined from the 
information that was available.
2. Did higher education faculty in university and 
college science and education departments cooperate with 
each other as the high school curricula were being 
developed?
Wells (1952) documents that "no one familiar with the 
American system of higher education will deny the general 
friction and mutual distrust often existent between the 
faculties of our schools of education and the men and women 
of science" (p. 5). He goes on to explain that most of 
this friction can be attributed to the differences in the 
use of experimental and scientific methods as well as
different views on what constitutes education. In this 
atmosphere it is no wonder that these two groups of 
scholars have to be urged to cooperate with one another. 
This was certainly the case when the AAAS Cooperative 
Committee on Science Teaching (1946) issued a report that 
called for science and education departments to collaborate 
on the development of effective teacher education programs. 
This report was cited again in Rethinking Science Education 
(Henry, 1960) which points to the continuing need for this 
collaboration. The impression that this researcher 
obtained from the literature and from the textual analyses 
was that there was little cooperation between these groups 
as far as the reform process was concerned and very little 
participation of these groups en masse in the reform 
process.
Yet, from a historical perspective, it must be 
remembered that scientists and educators were just 
beginning to cooperate and collaborate on educational 
reform again after decades of hiatus. The relationships 
that were forming were the foundation for future aspects of 
reform. Paldy (1972) notes that there should not be any 
separation between the sectors of education and warns that 
"sometimes it is too easy to overlook the importance of 
this connection, but it is really this relationship that is 
most fundamental if school science is to become adequate to 
meet the needs of society" (p. 31).
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3. If so, were there corresponding reforms in teacher 
education and college biology?
Since there was very little participation in reform 
efforts on a large scale from the higher education faculty, 
it was no surprise to find that textual analyses revealed 
very little change in the textbooks from teacher methods 
courses or college and university biology courses. The 
teacher education methods texts changed little in terms of 
their content. The methods texts from all time periods 
concentrated on the same topics and placed relatively the 
same emphasis on inquiry teaching. However, the texts 
themselves did include more inquiry skills in the 1960's, 
and then that emphasis decreased in the methods texts of 
the 1970's. In spite of the fact that the texts advocated 
the use of inquiry methods, the National Association of 
State Directors of Teacher Education and Certification and 
AAAS (1971) noted that "preservice education of science and 
mathematics teachers was not substantially changed during 
this time. Programs for the preparation of science and 
mathematics teachers have typically been derived from the 
existing school curriculum" (p. 1). H. Grobman (1970) 
attributes this to the conservative tenor of teacher 
education and notes that "radical change, though repeatedly 
urged, was effectively discouraged" (p. 2). "As a result, 
teachers are prepared to teach what is already being 
questioned in the light of current educational insights and
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research" (NASDTEC & AAAS, 1971, p. 1).
The lack of change in methods courses was in spite of 
efforts by BSCS to aid in the training of preservice 
teachers through publications such as New Materials and 
Techniques in the Preparation of High School Biology 
Teachers (Peterson, 1969). This particular document 
stresses that "methods course teachers must be committed to 
the use of the laboratory as the heart of the investigative 
approach leading to inquiry teaching" (p. 100). But this 
perspective was balanced by stating "that the methods 
course should lead the prospective teacher to consider 
adoption of the process of inquiry as the fundamental, but 
not the exclusive approach to the teaching of science" (p. 
100). This appears to be in direct opposition to other 
statements on the use of inquiry in the reform curricula. 
With this perspective conveyed, is it any wonder why 
inquiry was just discussed and traditional teaching methods 
prevailed?
Numerous authors pointed to the failure of college and 
university level biology classes to prepare future 
teachers. Complaints ranged from the fact that the courses 
were "poorly organized and lacking in the philosophy of 
modern science" (Marshall & Burkman, 1966, pp. 106-107) to 
the complaint that students were not exposed to process 
skills (Schlessinger, 1965). Hutto (1967) found that the 
courses varied little from courses offered 30 years
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previously. The work of CUEBS and others interested in the 
reform of biological education in higher education "had 
little impact on the instructional programs in the 
colleges" (A. Grobman, 1969, p. 277). The results of this 
study indicated that there was virtually no change in the 
higher education biology textbooks from 1950 to 1975 
outside of the addition of current factual information.
4. Were prospective teachers actually being trained to 
teach the new, innovative curricula through their college 
science and teacher education coursework?
It may appear from the previous discussions that 
teachers were not being trained to teach the reform 
curricula. But this answer can be approached from two 
different viewpoints. The first deals with the acquisition 
of knowledge. Although it was not the purpose of this 
study to determine if the content of the college biology 
textbooks was giving teachers a sufficient background in 
subject matter per se, it appeared to the researcher that 
this was the case for the topics under investigation in 
this study. The college biology textbooks covered the same 
material which was included in secondary level biology 
texts, and often it was presented in the same manner as the 
more traditional secondary texts. So while this 
information was often presented merely on the introductory 
level, the prospective teacher did have an opportunity to 
learn the basics of what they would be teaching on the high
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school level. This is, of course, neglecting the fact that 
degree programs often contained additional coursework in 
these topics on the higher education level.
As previously discussed and documented, prospective 
teachers also acquired knowledge in their teacher education 
methods courses. This was knowledge about the curricular 
projects, instructional techniques, and pedagogical topics 
such as evaluation and planning (Newton & Watson, 1968).
So, on the one hand, it may be said that teachers were 
being prepared to teach the new curricula, because they had 
acquired descriptive knowledge about it.
This is where the second viewpoint is crucial. The 
reform curricula was not one in which descriptive knowledge 
would be sufficient preparation to adequately teach it. 
Specific inquiry skills had to be acquired in order to 
teach the reform curricula. While the methods textbooks 
advocated the use of inquiry in teaching, the courses did 
not develop these skills in the teachers or promote the 
development and practice of the inquiry style of teaching. 
Therefore, Mayer (1978) states that "there is no strong 
evidence about the ability of various teacher education 
programs to change teacher behavior in a way that would 
enable them to implement innovative biology curriculums 
according to the rationale and goals underlying a program" 
(p. 72). These inquiry skills were also not included in 
college and university level biology classes. Therefore,
3 1 4
from this perspective, teachers were not being prepared to 
teach the new curricula.
The textual analyses generated by this research study 
indicated that teachers were able to acquire content 
knowledge through their biology courses and teacher 
education courses which would be useful in teaching high 
school biology. But the analyses also indicated that the 
skills necessary to teach the reform curricula were not 
acquired on a level which would enable the teacher to 
perform these skills and teach them to high school 
students. H. Grobman (1970) warns that:
This may reflect a tacit assumption that a teacher who 
knows the subject matter, and is told to use 
discussion or inquiry methods, can and will do so; 
however, studies of teaching have provided clear 
evidence that this is not a warranted assumption, (p. 
164)
She goes on to state that "if changes in methods of 
teaching are desired, then training in new methods—  
involving both demonstration and practice— is indicated"
(p. 164). This is critical since the teaching profession 
is dependent upon the transmission of both knowledge and 
skills to students.
Findings
The revelation that teachers were not being completely
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trained to teach the reform curricula during the time 
period 1950 to 1975 confirmed the first hypothesis of this 
research study which was stated as follows: The analyses
will reveal that innovations and reforms in public high 
school biology textbooks preceded reforms in higher 
education teacher education programs.
The second hypothesis of this study which stated that: 
The analyses will reveal an inordinately long period of 
time before prospective teachers were being instructed in 
the methods necessary for them to function effectively in 
secondary classrooms with innovative curricula due to the 
lack of coordination between the higher education and 
secondary education sectors was also supported. This 
conclusion was based on the textual analyses which 
indicated the disparity between knowledge acquisition and 
the application of that knowledge. This hypothesis cannot 
be considered to be totally confirmed due to the lack of 
information on how textbooks were actually used in the 
teacher education classrooms. It is quite possible that 
methods instructors supplemented class time with the 
required activities so that the inquiry skills and style of 
teaching were developed. However, based upon the review of 
the literature, this is considered to be doubtful, and 
recent information on teacher education also appears to 
indicate that teachers are still not obtaining these 
skills.
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Conclusions
What is needed, therefore, according to Klinckmann 
(1970), is a re-orientation of education due to the 
developments in modern biology. This re-orientation would 
entail helping teachers and students develop competencies 
and habits which are related to inquiry. She suggests that 
this could be accomplished through professional preparation 
of teachers which helps "each individual develop his own 
teaching style by practicing the various teaching 
strategies" which lead to student competency in inquiry (p. 
334-335). This is essential because "it can be . . . 
disastrous to ask teachers to teach science programs for 
which they are unprepared" (Washton, 1967, p. vii). "Lack 
of familiarity with new, specialized subject matter, or 
with new teaching techniques, constitutes a very real 
threat to appropriate implementation of materials" (H. 
Grobman, 1970, p. 116). Russell (1980) has summarized the 
dilemma which appeared in the 1960's and 1970's by saying 
that when teachers were faced with the type of a major 
behavioral change which inquiry presented, and when funds 
("financial incentives") for improved lab facilities and 
teacher workshops disappeared, teachers who were still 
uncomfortable with the reform materials chose to replace 
them with a more "traditional text". "The point of all 
this discussion is to warn educators against instituting a 
new science program without adequately prepared teachers"
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(Lee, 1967, p. 42).
Epilogue
This admonishment has apparently been taken to heart 
by present day reformers. Rutherford and Ahlgren (1990) in 
Science for all Americans state the belief that scientific 
literacy can only be reached if students have teachers that 
are qualified to teach. They call upon the presidents of 
colleges and universities to promote the development of 
courses for teachers by science and education departments 
which will accomplish the reform objectives and prepare 
prospective teachers to improve education at the elementary 
and secondary levels. This is critical since "for too 
long, cooperation and collaboration between subject-matter 
faculty and the education faculty, with respect to teacher 
training, have been minimal" (Ryder, 1989, p. 236). 
Reformers are realizing that "teacher education at the 
preservice level" is "integral to development and 
implementation of the new programs" (Bybee, 1989, p. 171).
Rutherford and Ahlgren (1990) also advocate the 
development of a "new generation of books and other 
instructional tools" due to the fact that "textbooks and 
other teaching materials in current use are— to put it 
starkly— simply not up to the job" (p. 211). This is 
unfortunate, since Bybee (1989) notes that the "biology 
textbook is the organizing framework for the curriculum,
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and reading the textbook is the dominant method of 
instruction" (p. 169). This "domination of the curriculum
by the textbooks tends to discourage use of inquiry
techniques which require students to do more than look up 
information in the text and then recite or record it" (NSF, 
1980, p. 44). Bybee refers to work by Weiss who found that 
"the design of textbooks supports the science teachers' 
increased use of lecture and decreased use of laboratory" 
(Bybee, 1989, p. 170).
The lack of use of inquiry teaching methods in the
secondary classroom have repeatedly been "related to the 
fact that teachers rarely experience it in their college 
preparation" (Kahle, 1989, p. 198). Too often, prospective 
teachers are subjected to "large, impersonal lecture 
courses with structured laboratories" where they "have few 
opportunities to participate in long-range laboratory 
inquiries, to lead fruitful discussions, or to ask and 
respond to penetrating questions" (Kahle, 1989, p. 198). 
Prospective teachers are also exposed to "poor teaching 
role models" (Buccino, 1989, p. 203) at this level. 
Therefore, "college and university faculty members who 
teach teachers," are being admonished "to model the sort of 
teaching behavior they expect their students to exhibit" 
(Buccino, 1989, p. 206). Modifications in teacher 
education programs which would strengthen the knowledge and 
skills of prospective teachers would increase the chance
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that reform will be successful because "educators and 
policymakers agree that if teachers are not prepared to 
address the needs of their students and the demands of 
their subjects, other reform strategies will fail"
(Darling-Hammond & Hudson, 1990, p. 223).
Additional Findings
There was an unintended outcome which surfaced during 
the course of this research investigation. It dealt with 
textbooks, particularly those on the secondary level. This 
researcher discovered that old textbooks, from recent 
decades, were difficult to locate. Libraries do not hold 
on to older editions once newer editions are issued. Even 
the Library of Congress does not as general policy keep 
textbooks unless they are deemed to be the best (personal 
communication, Kathy Woodrell, March, 1992). Limited 
research of the Library of Congress database revealed that 
the Library only had holdings of Modern Biology and a few 
publications by BSCS such as photoperiodism and a biology 
implementation schedule but no BSCS textbooks. Academic 
libraries did have some of the older textbooks. This was 
attributed to the fact that they were funded by government 
money and that they offered a format which was different 
from the standard textbook (personal communication, 
librarian at Old Dominion University, Spring, 1993). Other 
textbooks were recovered from church attics, basements,
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garage sales, and used book stores thanks to the work of a 
diligent and alert used textbook dealer, Cherrie Moore. 
Without her help in locating these texts, much of the data 
available in this study would not have been collected.
Laboratory manuals were also next to impossible to 
locate. They were generally not available in libraries, 
either public or academic. This explains why there is not 
much data included in this study from these important 
sources. To illustrate how rare and valuable these lab 
books are, one which was available for interlibrary loan 
was marked for "In Library Use Only." This was the lab 
manual to the BSCS Green 1963 edition which was obtained 
from the New York Botanical Garden Library.
The limited availability of textbooks and laboratory 
manuals from the recent past may indicate the low value 
assigned to these books. This is unfortunate, not only 
because textbooks often define the curriculum (Westbury, 
1990), but also because they are lost tools of educational, 
historical, social, and cultural research. A significant 
portion of the history of education is being lost along 
with these textbooks. This situation needs to be rectified 
so that future researchers will have these resources 
available.
Implications for Further Study
Due to the research design of this study, the complete
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picture of what was occurring in the biology classrooms of 
this country during the years 1950 to 1975 could not be 
determined. The data from this study would need to be 
supplemented with detailed information on how the textbooks 
were actually used in the secondary, college and university 
biology classrooms and the science teacher education 
methods courses. This could be accomplished through 
interviews with students and professors from the time 
period. Key questions could not only reflect the type of 
information that was sought in the ROSES report (Newton & 
Watson, 1968) but could also include data on how these 
courses influenced the future teaching methods of the then 
prospective teachers. Professors could be queried on their 
methods at the time and discuss how their methods have 
changed, if at all, over the intervening years.
It has been over twenty years since the ROSES report
(Newton & Watson, 1968) was first published. Much has 
changed not only in society but in science education and 
biology as well. To replicate the ROSES report today would 
be advantageous and instructive. Data would be generated 
which could be used to guide the decision making process in 
the current cycle of reform. Data would also indicate if
gaps exist in the system and possibly point to how the
deficiencies could be corrected.
The lack of coordination of knowledge and skills which 
was revealed through the textual analyses in this study is
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instructive for the current cycle of reform. It points to 
the necessity of determining what knowledge and skills are 
essential in science education. Research could then 
determine the most effective methods for teaching and 
learning these components. This would require that 
students and teachers be able to demonstrate competency in 
the use of the knowledge and skills, not just in paper and 
pencil tests but in actual situations. Research of this 
magnitude could then be utilized in the development of 
textbooks and other curricular and training materials for 
all levels of education. Training programs could be 
developed which would incorporate these techniques to 
ensure that prospective teachers as well as current 
teachers received the training necessary to implement the 
reforms in a manner consistent with the intents and 
purposes of the reformers. Unless appropriate training is 
developed and available, "the present curriculum efforts 
and any which are attempted in the future will fall far 
short of their potential" (Marshall & Burkman, 1966 pp. 82- 
83), due to the fact that "teachers tend to teach as they 
were taught, not as they were taught to teach" (Burnett, 
1963, p. 70).
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APPENDIX A 
List of Textbooks Analyzed
High School Biology. 1950's
Moon, T. J., Mann, P. B., & Otto, J. H. (1951). Modern 
biology. New York: Henry Holt.
Moon, T. J., Mann, P. B., & Otto, J. H. (1956). Modern 
biology. New York: Henry Holt.
College Biology. 1950's
Marsland, D. (1957). Principles of modern biology (3rd 
ed.). New York: Henry Holt.
Moment, G. B. (1950). General biology (2nd ed.). New York: 
Appleton-Century-Crofts.
Villee, C. A. (1950). Biology; The human approach.
Philadelphia: W. B. Saunders.
Villee, C. A. (1954). Biology (2nd ed.). Philadelphia: W.
B . Saunders.
Villee, C. A. (1957). Biology (3rd ed.). Philadelphia: W.
B . Saunders.
Weisz, P. B. (1954). Biology. New York: McGraw-Hill.
Weisz, P. B. (1959). The science of biology. New York: 
McGraw-Hill.
Teacher Education. 1950's
Brandwein, P. F., Watson, F. G., & Blackwood, P.E. (1958).
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Teaching high school science: A book of methods. New
York: Harcourt, Brace, & World.
Burnett, R. W. (1957). Teaching science in the secondary 
school. New York: Rinehart.
Heiss, E. D., Obourn, E. S., & Hoffman, C. W. (1950). 
Modern science teaching. New York: Macmillan.
Hoff, A. G. (1950). Secondary school science teaching. 
Philadelphia: Blakiston.
Morholt, E., Brandwein, P. F., & Joseph, A. (1958). 
Teaching high school science: A sourcebook for the 
biological sciences. New York: Harcourt, Brace, & World.
Richardson, J. S. (1957). Science teaching in secondary 
schools. Englewood Cliffs, NJ: Prentice-Hall.
Thurber, W. A., & Collette, A. T. (1959). Teaching science 
in today's secondary schools. Boston: Allyn & Bacon.
Wells, H. (1952). Secondary science education. New York: 
McGraw-Hill.
High School Biology. 1960's
Biological Science Curriculum Studies. (1963). Biological 
science: Molecules to man. Boston: Houghton Mifflin.
Biological Science Curriculum Studies. (1963). Teacher's 
guide to accompany biological science: Molecules to man. 
Boston: Houghton Mifflin.
Biological Science Curriculum Studies. (1963). High school 
biology. Chicago: Rand McNally.
Biological Science Curriculum Studies. (1963). High school 
biology student's manual laboratory and field
investigations. Chicago: Rand McNally.
Biological Science Curriculum Studies. (1968). Biological 
science: Molecules to man (2nd ed.). Boston: Houghton 
Mifflin.
Biological Science Curriculum Studies. (1968). High school 
biology (2nd ed.). Chicago: Rand McNally.
Moon, T. J., Otto, J. H., & Towle, A. (1960). Modern 
biology. New York: Holt, Rinehart & Winston.
Moon, T. J., Otto, J. H., Towle, A., Dury, E. J., &' Kuntz, 
J. A. (1963). Modern biology. New York: Holt, Rinehart & 
Winston.
Otto, J. H. & Towle, A. (1965). Modern biology. New York: 
Holt, Rinehart & Winston.
Otto, J. H., Towle, A., & Crider, E. H. (1965). Teacher's 
guide to the modern biology program. New York: Holt, 
Rinehart & Winston.
Otto, J. H. & Towle, A. (1969). Modern biology. New York: 
Holt, Rinehart & Winston.
Otto, J. H., Towle, A., Otto, W. D., & Weaver. R. A.
(1969). Teacher's guide to the modern biology program.
New York: Holt, Rinehart & Winston.
Otto, J. H., Towle, A., & Crider, E. H. (1969). Biology 
investigations. New York: Holt, Rinehart & Winston.
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College Biology. 1960's
Brown, R. B. (1961). Biological inouiries: A laboratory 
guide for biology. Boston: D. C. Heath. Curtis, H.
(1968). Biology. New York: Worth.
Keeton, W. T. (1967). Biological science. New York: Norton. 
Kimball, J. W. (1965). Biology. Palo Alto, CA: Addison- 
Wesley.
Villee, C. A. (1962). Biology (4th ed.). Philadelphia: W.
B . Saunders.
Villee, C. A. (1967). Biology (5th ed.). Philadelphia: W.
B . Saunders.
Weisz, P. B. (1963). The science of biology (2nd ed.). New 
York: McGraw-Hill.
Weisz, P. B. (1967). The science of biology (3rd ed.). New 
York: McGraw-Hill.
Teacher Education. 1960's
Bremner, J. (1967). Teaching biology. New York: St.
Martin's Press.
Harding, D. E., Volker, R. P., & Fagle, D. L. (1969). 
Creative biology teaching. Ames, IA: The Iowa State 
University Press.
Lacey, A. L. (1966). Guide to science teaching in secondary 
schools. Belmont, CA: Wadsworth.
Miller, D. F. & Blaydes, G. W. (1962). Methods and
materials for teaching the biological sciences (2nd
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ed.). New York: McGraw-Hill.
Morholt, E., Brandwein, P. F., & Joseph, A. (1966). A 
sourcebook for the biological sciences (2nd ed.). New 
York: Harcourt Brace Jovanovich.
Romey, W. D. (1968). Inouirv technioues for teaching 
science. Englewood Cliffs, NJ: Prentice-Hall.
Schwab, J. J. (1963). Biology teachers' handbook. New York: 
John Wiley.
Sund, R. B. & Trowbridge, L. W. (1967). Teaching science bv 
inguirv in the secondary school. Columbus, OH: Charles 
E. Merrill.
Thurber, W. A., & Collette, A. T. (1964). Teaching science 
in today's secondary schools (2nd ed.). Boston: Allyn & 
Bacon.
Thurber, W. A., & Collette, A. T. (1968). Teaching science 
in today's secondary schools (3rd ed.). Boston: Allyn & 
Bacon.
Voss, B. E. & Brown S. B. (1968). Biology as inguirv: A 
book of teaching methods. St. Louis, MO: C. V. Mosby.
Washton, N. S. (1961). Science teaching in the secondary 
school. New York: Harper.
Washton, N.S. (1967). Teaching science creatively in the 
secondary schools. Philadelphia: W. B. Saunders.
Woodburn, J. H. & Obourn, E. S. (1965). Teaching the 
pursuit of science. New York: MacMillan.
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High School Biology. 1970's
Biological Science Curriculum Studies. (1973). Biological 
science: Molecules to man (3rd ed.). Boston: Houghton 
Mifflin.
Biological Science Curriculum Studies. (1973). Biological 
science: An ecological approach. Chicago: Rand McNally.
Otto, J. H. & Towle, A. (1973). Modern biology. New York: 
Holt, Rinehart & Winston.
Welch, C. A. (1973). Teacher's guide for biological
science: Molecules to man. Boston: Houghton Mifflin.
College Biology. 1970's
Beaver, W. C. & Noland, G. B. (1970). General biology; The
science of biology (8th ed.). St. Louis, MO: C. V.
Mosby.
Beaver, W. C. & Noland, G. B. (1970). Laboratory manual in
general biology (8th ed.). St. Louis, MO: C. V. Mosby.
Curtis, H. (1975). Biology (2nd ed.). New York: Worth.
Keeton, W. T. (1972). Biological science (2nd ed.). New 
York: Norton.
Villee, C. A. (1972). Biology (6th ed.). Philadelphia: W.
B . Saunders.
Weisz, P. B. (1971). The science of biology (4th ed.). New 
York: McGraw-Hill.
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Teacher Education. 1970's
Anderson, 0. R. (1972). Teaching modern ideas of biology. 
New York: Teachers College Press.
Collette, A. T. (1973). Science teaching in the secondary 
school: A guide to modernizing instruction. Boston:
Allyn & Bacon.
Falk, D. (1971). Biology teaching methods. New York: John 
Wiley.
Klinckmann, E. (1970). Biology teachers' handbook. New 
York: John Wiley.
Renner, J. W. & Stafford, D. G. (1972). Teaching science in 
the secondary school. New York: Harper & Row.
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APPENDIX B 
Evaluation Form for Secondary Textbooks
Title:_
Author:
Publ isher:_____________________________________ Date: _
Location:  Call No.:__"
Date Reviewed:
The following items are available and are covered in this analysis:
student text other printed student materials___
teacher's guide other printed teacher materials___
tests  media other than printed materials___
Instructional Unit:____ Pages:_________
General approach to subject matter:
biological  chemical_____ physical_
sociological ______ economical_____ technological"
historical_____ biographical_____ mathematical"
environmental  introduction  None"
Specific approach to subject matter:
What devices, other than science content, are included:
photographs  illustrations  charts_
graphs ______________ diagrams_____ tables"
quotes ______ emulations/games_____ maps"
Learning objects/examples are:
unique to science  common to everyday life
Student is asked to worked with the body of knowledge that is in: 
concrete form  abstractions, symbols, words__
The sequence of material is from:
simple to complex  complex to simple_
Lab activity is included: yes  no_
integrated ________ additional_____ extension_
The student acquires an orientation to science by:
reading ___________ discussing_____ doing_
longing to know and understand_____
questioning  respecting logic
considering consequences  collecting data"
demanding verification_____
recognizing patterns and relationships_____
recognizing the limits of science_____
recognizing scientific development depends on a multitude
of factors_____
being aware of social/moral implications of science_____
tentativeness_____
The student gains knowledge of: reading____  doing_
facts _______________ concepts_____ theories^
principles/laws  models_____ classification"
information sources scientific terminology"
scientific techniques/procedures_____
the student acquires inquiry skills by:
reading discussing__________________doing__
recognizing a problem and asking relevant questions_____
recognizing the need for a theoretical model_____
deducing a new hypothesis from a theoretical model
experimenting  performing laboratory techniques__
formulating hypotheses  designing procedures 
operationally defining ___________ generalizing__
predicting ________________________ classifying__
identifying & controlling variables_____  observing_
recording observations ______________ measuring__
verifying  replicating procedure 
analyzing data__  processing experimental_data__
computational skills _________________ graphing__
interpreting data ____________________inferring__
interpolating ___________________ extrapolating__
concluding_____
translating content presented in one symbolic form to
another_____
communicating results_
identifying or applying content in a new context_ 
integrating the material with previous knowledge"
Level at which the student learns processes:
knowledge  comprehension  application_
analysis  synthesis  evaluation_
The student: NA
receives complete directions on how to perform unit_
has some opportunity to organize unit in own way ~
is autonomous_____
Each group of students:
reads the same material
does essentially the same task_
does a different task, part of a larger task_
Student roles:
passive_____ active_
rote response  creative response_
End of chapter review focusses on:
knowledge  comprehension
analysis  synthesis'
application
evaluation
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Evaluation Form for Teacher's Edition/Guide
Title:___________________________________________________
Author:__________________________________________________
Publ isher:____________________________________ Date:_
Location: Call No.:______
Date Reviewed:
The following items are available and are covered in this analysis:
student text  other printed student materials____
teacher's guide other printed teacher materials____
tests  media other than printed materials____
Teacher's guide includes:
rationale for the materials  student objectives____
how to use the materials to meet individual student needs____
background information necessary for understanding unit_____
additional information to extend unit_____
master source list of materials_____
answers to review questions_____
teaching strategies_____
suggested sequence and/or alternatives_____
suggested ideas for instructional delivery_____
suggested time for instruction_____
reference books  audiovisuals_____
material lists for activities___
clear directions for implementing activities_____
teacher given exact directions on what to do,
when, and how_____
teacher given some freedom to choose what to do,
when, and how_____
safety precautions  other_____
Suggested Teaching methods:
lecture_____
demonstrations______
seminars_____
games_____
instructional TV
discussion_
questions”
debate”
media”
films”
laboratory_ 
field trips” 
simulations” 
audio tapes” 
other”
Teacher preparation time: for lecture for lab
can't judge  no preparation time_____
less time to prepare the materials than to do unit_____
takes the same time to prepare as to do the unit______
takes more time to prepare than to do the unit_____
Course background necessary to successfully teach these materials? 
chemistry  physics _____ mathematics_____ other___
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Evaluation Form for College Textbooks
Title s____________________________________________________________
Author:___________________________________________________________
Publisher:________________________________________ Date:___________
Location:________________________________Call No.:________________
Date Reviewed:_________________________
The following items are available and are covered in this analysis:
student text  other printed student materials____________
teacher's guide other printed teacher materials_____
tests  media other than printed materials____
Instructional Unit:____ Pages:____________
General approach to subject matter:
biological  chemical_____ physical_
sociological economical____  technological”
historical _____ biographical_____ mathematical_
environmental  introduction  None”
Specific approach to subject matter:
What devices, other than science content, are included:
photographs_ illustrations  charts_
graphs _____________ diagrams_____ tables”
quotes  simulations/games  maps”
Learning objects/examples are:
unique to science  common to everyday life_
Student is asked to worked with the body of knowledge that is in: 
concrete form  abstractions, symbols, words___
The sequence of material is from:
simple to complex  complex to simple_
Lab activity is included: yes  no_
integrated _______ additional_____ extension 
The student acquires an orientation to science by:
reading __________ discussing_____ doing 
longing to know and understand_____
questioning  respecting_logic_
considering consequences  collecting_data_
demanding verification_____
recognizing patterns and relationships_____
recognizing the limits of science_____
recognizing scientific development depends on a multitude
of factors_____
being aware of social/moral implications of science______
tentativeness_____
The student gains knowledge of: reading_______________doing_
f acts__ ______________ concepts_____ theories 
principles/laws ______ models_____ classification 
information sources scientific terminology_
scientific techniques/procedures_____
The student acquires inquiry skills by:
reading  discussing_____ doing_
recognizing a problem and asking relevant questions______
recognizing the need for a theoretical model_____
deducing a new hypothesis from a theoretical m o d e l ____
experimenting performing laboratory techniques
formulating hypotheses  designing procedures__
operationally defining ___________ generalizing__
predicting ________________________ classifying__
identifying & controlling variables_____  observing_
recording observations ______________ measuring__
verifying  replicating procedure 
analyzing data__  processing experimental data
computational skills  graphing
interpreting data ____________________inferring_
interpolating ___________________ extrapolating_
concluding_____
translating content presented in one symbolic form to
another  communicating results 
identifying or applying content in a new context_____
integrating the material with previous knowledge_____
Level at which the student learns processes:
knowledge _____ comprehension_____ application 
analysis __________ synthesis_____ evaluation
The student: NA
receives complete directions on how to perform unit_
has some opportunity to organize unit in own way ”
is autonomous_____
Each group of students:
reads the same material
does essentially the same task_____
does a different task, part of a larger task_
Student roles:
passive  active_____
rote response  creative response
End of chapter review focusses on:
knowledge  comprehension
analysis  synthesis^
application
evaluation'
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Evaluation Form for Laboratory Manuals
Title:_________________________________________________
Author s________________________________________________
Publ isher:______________________________ _____ Date:___
Locations Call No.:________
Date Reviewed:
The following items are available and are covered in this analysis:
student text  other printed student materials___
teacher's guide other printed teacher materials___
tests  media other than printed_materials___
Instructional Unit:____________________________Pages:
Title of activity:___________________________________
Purpose of the activity:
to introduce a new concept_
reinforce a learned concept
activity is discussed in textbook_
textbook chapter questions pertain to activity
Lab activity is:
integrated into unit  additional  extension_
Classification of activity:
confirmation-verification  structured inquiry_
guided inquiry  open inquiry"
The student acquires inquiry skills by:
reading  discussing  doing_
recognizing a problem and asking relevant questions______~
recognizing the need for a theoretical model_____
deducing a new hypothesis from a theoretical model
experimenting  performing laboratory techniques__
formulating hypotheses  designing procedures__
operationally defining ___________ generalizing__
predicting ________________________ classifying__
identifying & controlling variables_____  observing__
recording observations ______________ measuring__
verifying  replicating procedure 
analyzing data  processing experimental data__
computational skills _________________ graphing__
interpreting data ____________________inferring__
interpolating ___________________ extrapolating__
concluding_____
translating content presented in one symbolic form to
another communicating results 
identifying or applying content in a new context_____
integrating the material with previous knowledge_____
Level at which the student learns processes:
knowledge ______ comprehension_____ application 
analysis ___________ synthesis_____ evaluation 
The student:
receives complete directions on how to perform unit_
has some opportunity to organize the unit in own way_ 
is autonomous
Each group of students:
reads the same material_____
does essentially the same task____
does a different task, part of a larger task 
work individually_____
Description of the activity:
Comments:
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Evaluation Form for Teacher Education Textbooks
Title:_
Author:
Publisher:__________________________________ ______ Date:
Location: Call No.:
Date Reviewed:
Approach of text: science in general______ biology.
General approach to subject matter:
biological______ chemical______ physical_
sociological_____  psychological______ technological,
historical______ biographical______ mathematical,
environmental  economical______ introduction,
other_____
What devices, other than content, are included: None_____
photographs______ illustrations______ charts,
graphs______ diagrams______ tables,
quotes______ simulations/games______ maps.
Learning objects/examples are:
unique to science  common to everyday life,
t
Lab activity is included: yes______ no.
integrated_____  additional______ extension_
The student acquires an orientation to science by:
reading  discussing  doing
longing to know and understand_____
questioning  respecting logic_
considering consequences  collecting data”
demanding verification_____
recognizing patterns and relationships_____
recognizing the limits of science_____
recognizing scientific development depends on a multitude
of factors_____
being aware of social/moral implications of science_____
tentativeness_____
The student gains knowledge of: reading____  doing_
educational ________scientific_____ biological"
facts _______________ concepts_____ theories”
principles/laws _______ models_____ classification”
information sources scientific terminology_
scientific techniques/procedures_____
The student acquires inquiry skills by:
reading ___________ discussing_____ doing
recognizing a problem and asking relevant questions_____
recognizing the need for a theoretical model_____
deducing a new hypothesis from a theoretical model
experimenting  performing laboratory techniques_
formulating hypotheses  designing procedures”
operationally defining  generalizing”
predicting  classifying”
identifying & controlling variables_____ observing”
recording observations  measuring”
verifying  replicating procedure”
analyzing data.  processing experimental_data__
computational skills _________________ graphing__
interpreting data ____________________inferring__
interpolating ___________________ extrapolating__
coneluding_____translating content presented in one symbolic form to
-another
communicating results_____
identifying or applying content in a new context_____
integrating the material with previous knowledge_____
Level at which the student learns processes:
knowledge _______ comprehension_____ application_
analysis ____________ synthesis_____ evaluation”
The student: NA_____
receives complete directions on unit
has some opportunity to organize the unit_____
is autonomous_____
Each group of students:
reads the same material_____
does essentially the same task_____
does a different task, part of a larger task_____
Student roles:
passive  active_____
rote response  creative response_____
End of chapter review focusses on: NA_____
knowledge_____ comprehension_____ application
analysis_____ synthesis_____  evaluation
Includes information on: by-reading------ doing_
Science teaching_______problems______ goals------  objectives
history______  research on______  psychological
principles of learning_____ _
Curriculum trends-------  innovations------
historical______  current------  future
yearly course content______  sequence of material
units_______  lesson plans  science centers
laboratory activities______  facilities
Textbooks_______  , , _. „
types_____ workbooks______  lab manuals
library materials_______  criteria for selection
Teaching methods_______text-recitation______  lecture-------  discussions
demonstrations_______  questioning-------  inquiry
laboratory activities______________  guest speakers
student reports______  projects-------  panels
scientific method______  concepts
research based______  inductive/deductive
Examples   _ . , .
student/class experiments^______ demonstrations
student projects______  inquiry-------  lesson plans
Media  sources of-------
films______  filmstrips_______  slides------  charts
TV/radio______ _______overheads_______  displays
chalkboard______  tapes_______  bulletin boards
field trips. ______models_______  specimens
Materials and equipment,
selection______
maintenance______
Facilities_______
  sources of,
checklist_______
preparat ion_______
purchase^
science rooms,
checkli st____
Evaluat ion______
purposes.
techniques_____
standardized___
construction of,
term papers____
teaching_____
record keeping.
  research,
federal aid,
types, 
instruments, 
  tests,
_ projects,
critical thinking.
storage
trends
diagnostic
types
sample questions 
course
Background information.
collecting specimens,
culturing______
exper iment s______
physics.
career education,
other______
Student s_______
  preserving specimens
preparation of necessary solutions 
techniques, 
chemistry.
statistics
gifted,
other
readiness
process skills.
Professional issues_
training.
below average, 
gender differences, 
cognition.
vocabulary/language
deprived
motivation
affective
classroom management
professional development, 
references
job interviews.
organizations
resources
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APPENDIX C
Analyzing data: "To examine carefully and in detail; to
examine critically the parts or elements of; find out the 
essential features of" (Barnhart, 1972).
High school biology textbook examples:
MB 1951-"It will help you to evaluate 
observations and draw correct conclusions from 
what you see" (p. 11).
BSCS Blue 1963-presents the arguments 
against the climatic climax hypothesis through an 
analysis of the data (p. 658).
Being aware of the social implications of science: "The
student is aware of the social implications of scientific 
inquiry and its results for the individual, community, 
nation, and the world" (Haussler & Pittman, 1973, p. 152). 
High school biology textbook examples:
MB 1951-"Economic importance of the frog.
Frogs render a much more valuable service than 
most of us realize in the destruction of insects.
If they had no other value, this point alone 
would justify their protection. Many states have 
passed rigid laws on the hunting of frogs, 
prohibiting their capture during the breeding 
season" (p. 357).
MB 1951-"Active concern for human welfare. This
3 4 1
attitude is a tremendous force behind medical science 
and many other fields of biology. Much of our 
scientific effort is directed toward saving lives, 
lengthening lives, and producing better things for 
better living" (p. 5).
MB 1963-"Can a population explosion such as 
we have in the world today continue indefinitely 
without a critical food shortage?" (p. 57).
MB 1969-"A knowledge of food pyramids may 
aid us in solving a human social problem. . . . "
(p. 678)
BSCS Green 1973-"What occurred in the 
shortgrass plains was only a case of setting a 
biome back to an early stage of succession. Many 
of man's activities do this. Plowing exposes 
bare earth. Dams and dikes cover land with 
water. The hundred of hectares of concrete and 
asphalt paving that are laid down as roads each 
year in the United States create a kind of bare- 
rock condition that is similar to the result of 
an earthquake or landslide" (p. 269).
Teacher education methods textbook examples:
Falk (1971)-"A scientist must evaluate the effect 
of his decisions and actions on a wide circle of other 
persons, perhaps the whole human race" (p. 21).
Heiss, Obourn, & Hoffman (1950)-"The causal role
of science as a basic factor in many of our present- 
day social and economic problems makes it mandatory 
for the science teacher to look for the ultimate goals 
of his instruction beyond the narrow confines of pure 
science to the social implications that result from 
technological advances" (p. 14).
Woodburn & Obourn (1965)-"There is much criticism 
of scientists today for their alleged indifference to 
the uses to which their discoveries may be put. 
Scientists are blamed by many, for example, for 
contributing to the horrors of modern war. . . . 
Nevertheless, the scientist has to consider moral 
factors before undertaking a new problem. . . .  It is 
practically impossible for the pure scientist to 
predict the moral consequences of his choice of a 
problem, however much he may wish to do so. . . . But 
scientists are, and correctly so, under tremendous 
moral pressure to work incessantly for the proper 
utilization of their work by society" (p. 100). 
Classification: "To put into a set with like objects on
the basis of a given criteria; example: a bee is an insect
because it has six legs" (Haussler & Pittman, 1973, p.
191). This term was utilized to indicate the presence of 
classification schemes.
High school biology textbook examples:
MB 1951-"If you're a stamp collector, you're
3 4 3
v
already familiar with the principles of scientific 
classification or taxonomy. You divide your stamps 
first into countries, then into issues, denominations, 
and varieties. By tracing an unknown stamp through 
these various groups and subgroups, you separate it 
from all other stamps and find its allotted space in 
your collection. Taxonomists classify plants and 
animals in much the same way" (p. 72).
Classifying: This term was utilized to indicate the
process of classifying.
High school biology textbook examples:
MB 1951-"If you're a stamp collector, you're 
already familiar with the principles of scientific 
classification or taxonomy. You divide your stamps 
first into countries, then into issues, denominations, 
and varieties. By tracing an unknown stamp through 
these various groups and subgroups, you separate it 
from all other stamps and find its allotted space in 
your collection. Taxonomists classify plants and 
animals in much the same way" (p. 72).
Collecting data:
High school biology textbook examples:
MB 1951-"He gathers all available information 
relating to his problem" (p. 7).
BSCS Blue 1973-"The biologist began searching for 
the new dominant species" (p. 70).
3 4 4
BSCS Green 1973-MThis reasonable idea did not 
come directly from a study of classification, however. 
It arose as evidence accumulated from fossils and 
later from experimental studies of heredity" (p. 138).
Communicating results;
High school biology textbook examples:
MB 1951-"And make an accurate report of the 
results" (p. 10).
MB 1951-"Linnaeus published his list of plant 
names in 1753" (p. 74).
BSCS Green 1973-"in fact, it was not even asked, 
because the report of Mendel's work, published in 
1865, lay neglected on library shelves. The few 
biologists who had read Mendel's paper either did not 
understand his mathematics or were unwilling to 
believe that a biological question could be explained 
mathematically" (p. 573).
BSCS Green 1973-"For knowledge to be verifiable, 
scientists need to be as exact as possible in 
communicating with each other" (p. 24).
Teacher education methods textbook examples:
Heiss, Obourn, & Hoffman (1950)-"Students should 
be taught to state problems in clear concise English. 
This is an excellent opportunity for the science 
teacher to aid in developing good expression skills. 
Students may be asked to write down their statement of
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problems" (p. 139).
Weisz 1963-"That is why a scientific observation 
is not taken at face value until several scientists 
have repeated the observation independently and have 
reported the same thing" (p. 6).
Collette (1973)-"In reporting experiments, 
students should be directed to write up their reports 
so that the reader has a clear picture of the problem 
and the procedures used to arrive at the answer" (p. 
251) .
Computational skills
High school biology textbook examples:
MB 1951-"An atomic scientist depends on 
mathematical calculations to predict the outcome of an 
experiment" (p. 5).
Higher education biology textbook examples:
Villee 72-"Quantitative studies of these would 
reveal the basic energy relationships of the system 
and show how efficiently the incident light energy is 
being converted into the desired end product (p. 812).
Villee 72-"The number and kinds of plants and 
animals in these study areas are estimated by suitable 
sampling techniques" (p. 812).
Teacher education methods textbook examples:
Bremner (1967)-"They include methods of sampling 
for the accumulation of data, employment of
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statistical analysis of data. . . . "  (p. 59)
Concepts: "Those abstractions of observed phenomena or
relationships which scientists have found to be continually 
useful in investigating the natural world and for which 
they have agreed upon exact definitions; examples: 
density, system, adaptation, probability, mass" (Haussler & 
Pittman, 1973, p. 190).
High school biology textbook examples:
BSCS Blue 1963-"The changes that occurred in this 
field illustrate the concept of community change. 
Succession is the process of community change;" (p. 
655) .
Teacher education methods textbook examples:
Collette (1973)-includes a detailed discussion on 
concept learning which starts on page 169 
Concluding:
High school biology textbook examples:
MB 1951-"Then, he drew his first conclusion" (p.
619) .
MB 1951-"Drawing conclusions. Scientific data are 
of value only when they are put to use. Drawing a 
conclusion leads to the discovery of a principle which 
can be applied to other situations" (p. 7).
Higher education biology textbook examples:
Villee 67-"He concluded that there were two such 
factors in the adult plant which segregated in the
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formation of pollen or eggs so that there was only one 
of each kind of factor in the egg or sperm" (p. 498).
Considering consequences;
High school biology textbook examples:
BSCS Green 1963-"With the invention of 
agriculture, man had a much greater effect on the 
abiotic factors of the ecosystem. He cleared and 
plowed the land, which often allowed the wind and the 
rain to strip the exposed soil from the hills, leaving 
clay and rock or sand, on which new community 
successions began. . . . Since the invention of power 
machinery, man has become a force upon the landscape 
equal to earthquakes and hurricanes— and more widely 
distributed in effect" (pp. 70-71).
BSCS Green 1973-"Sometimes man has had setbacks 
in his attempts to spread his cultivated ecosystems.
In the shortgrass plains of the North American 
grassland, there are periodic droughts and strong 
winds. The native grasses survive the droughts, and 
their matted roots protected the soil from erosion by 
the wind. But in the early part of the 20th century, 
man rapidly plowed up the grasslands and established 
cultivated fields. Then, in the 1930's and again in 
the 1950's, great years-long droughts occurred. With 
the perennial grasses gone and the cultivated crops 
destroyed by drought, winds swept up the dry topsoil
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in great dust storms that left many areas barren.
With the return of normal rains, neither the 
cultivated crops nor the native grasses could be 
easily reestablished on the remaining soil" (pp. 268- 
269) .
Higher education biology textbook examples:
Villee 1962-"The unraveling of why certain plants 
and animals comprise a given community, how they 
affect each other, and how man can control them to his 
advantage are some of the major problems of ecological 
research" (p. 577).
Weisz 1963-"But serious interference, by disease, 
by man, or by physical factors, is likely to topple 
the whole pyramid. If that happens, the entire 
community may cease to exist" (p. 135).
Teacher education methods textbook examples:
Falk (1971)-"A rational person does not accept a 
value or initiate action without thinking of its 
consequences" (p. 21).
Deducing a new hypothesis from a theoretical model: "The
student deduces a new hypothesis from a theoretical model 
and tests it; The student formulates, when warranted by new 
observations, a revised, refined or extended" (Haussler & 
Pittman, 1973, p. 155).
High school biology textbook examples:
BSCS Blue 1973-"In fact, in 1772, when Joseph
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Priestley discovered 'oxygen' he made no claim for 
such a substance. Instead, he claimed he discovered 
that plants 'dephlogisticated' the air. In his 
experiments he observed that a loving plant could 
'dephlogisticate' a closed jar of air in which a 
candle had burned. He never assumed that the plant 
gave off anything like oxygen" (p. 10).
Demanding verification:
High school biology textbook examples:
BSCS Green 1973-"For knowledge to be verifiable, 
scientists need to be as exact as possible in 
communicating with each other" (p. 24).
Teacher education methods textbook examples:
Falk (1971)-"A scientist actively seeks for ways 
to expose his ideas to criticism, to test and to 
experiment" (p. 21).
Designs procedures:
High school biology textbook examples:
MB 1951-"Devises an experiment to prove or 
disprove the hypothesis. He must control carefully 
the experiment so as to prove or disprove only one 
thing" (p. 10).
MB 1951-"The scientist thinks up an experiment to 
prove or disprove the hypothesis" (p. 7).
MB 1965-"Mendel found that cross-pollination 
could be performed easily in pea plants. He could
350
accomplish this by removing the stamens from a flower 
so that self-pollination and self-fertilization could 
not occur. He then . . . "  (p. 117).
Teacher education methods textbook examples:
Bremner (1967)-"Designing the experiment is a 
very important part of scientific method and class 
discussion at this stage calls for great skill on the 
teacher's part so that no fruitful suggestion is lost" 
(p. 39).
Exper iment i na
High school biology textbook examples:
BSCS Blue 1963-"This problem has been studied by 
John A. Moore, of Columbia University. He has found 
that frogs of this species from various parts of North 
America can interbreed. . . . "  (p. 404)
Extrapolating: "The student extrapolates, when warranted,
beyond actual observations" (Haussler & Pittman, 1973, p. 
154) .
Teacher education methods textbook examples:
Woodburn & Obourn (1965)-"The ultimate value of 
data all too often hinges on interpolation and 
extrapolation, processes which are almost impossible 
if the data have not been systematically derived" (p. 
75) .
Romey (1968)-"It is easy to accept the idea that 
a prediction, which is clearly understood to be an
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extrapolation from the known to the unknown, can be 
erroneous because of changes that might occur over the 
unknown range" (p. 66).
Fact: "A discrete specific segment of knowledge" (Haussler
& Pittman, 1973, p. 190).
All of the textbooks analyzed primarily contained 
statements of facts.
Formulates hypotheses: "The student formulates an
hypothesis; Where hypothesis means a positive statement of 
expected results— it can be considered a prediction; 
examples: If I do X, Y will occur. If X changes, Z will
also" (Haussler & Pittman, 1973, p. 193).
High school biology textbook examples:
MB 1951-"Forming an idea or hypothesis. You 
might call this a scientific 'hunch.' The scientist 
usually has an idea of what the experiment might 
prove. However, he must not make up his mind in 
advance. He must prove or disprove his idea" (p. 7).
BSCS Blue 1963-"By comparing fields that have 
been abandoned for different lengths of time, we can 
make some hypotheses about the development of a 
forest" (p. 655).
BSCS Blue 1963-"When geologists classify rocks in 
this manner, they are using a hypothesis to detect 
relationships that could not be seen by direct 
observation" (p. 23).
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BSCS Blue 1973-"The modern method uses hypothesis 
to detect relationships between living things" (p.
29) .
BSCS Blue 1973—"It can be as creative as making 
hypotheses" (p. 16).
Generalizing; "The student formulates appropriate 
generalizations (empirical laws or principles) that are 
warranted by the relationship found" (Haussler & Pittman, 
1973, p. 154). "Making comparisons with other results of 
similar experiments deriving from all the evidence 
available an abstract relation covering a range of related 
phenomena" (Haussler & Pittman, 1973, p. 193).
Teacher education methods textbook examples;
Thurber and Collette (1968)-"Descriptions of 
these relationships, called generalizations, are 
powerful tools for bringing raw data into a 
comprehensible whole. Generalizations also serve as 
springboards for further investigations, first, to 
verify and determine the ranges of the 
generalizations, second, to try to find explanations 
for the relationships discovered. Generalizations, 
furthermore, make predictions possible. . . . "  (p. 5) 
Graphing:
High school biology textbook examples:
MB 1956-"These records may be in the form of 
notes, drawings, tables, or graphs" (p. 7).
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BSCS Blue 1963-"The net effect of the loss of 
energy and nutrients at each level may be represented 
graphically as an inverse relationship" (p. 651).
BSCS Blue 1973-"Prepare a line graph of your data 
by putting the time in minutes on the horizontal axis 
and the volumeter readings in millimeters on the 
vertical. Put the data from all three tests on the 
same graph. Designate the different temperatures with 
different color lines" (p. 15).
Teacher education methods textbook examples:
Collette (1973)-discusses the use of graphs in 
science education on pages 264-265.
Identifying & controlling variables:
High school biology textbook examples:
MB 1951-"Both sets of plants were grown under the 
same conditions except for light. Light was the 
variable factor: all other factors were ruled out" (p. 
7).
Teacher education methods textbook examples:
Renner & Stafford (1972)-"The concept of variable 
is itself a very important one in scientific activity. 
Before controlled experimentation, such as is required 
for hypothesis testing . . . can take place, one must 
be capable of isolating variables in a system, keeping 
all but one constant and accurately describing what 
occurs in the system as one variable is allowed to
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change" (pp. 171-172).
Identifying or applying content in a new context: "The
student identifies or applies a fact, concept, procedure, 
classification scheme, law or theory in a new context; uses
relevant scientific knowledge and methods in attacking a
new problem where the mode of solution is not specified"
(Haussler & Pittman, 1973, p. 153, 192).
High school biology textbook examples:
MB 1951-"Much of the laboratory phase of your 
biology course, whether demonstration or individual 
study, will involve the technical method. If you 
observe a demonstration, study the procedure 
carefully, observe the progress of the demonstration, 
and make an accurate report" (p. 10).
MB 1963-after detailing inheritance in peas, the 
principles are applied to guinea pigs.
MB 1973-succession in a forest is explained then 
succession in ponds and lakes is explained.
Higher education biology textbook examples:
Villee 1962-"This sort of testing is of great 
importance in the commercial breeding of animals or 
plants where the breeder is trying to establish a 
strain that will breed true for a certain character" 
(p. 465).
Teacher education methods textbook examples:
Renner & Stafford (1972)-"Pasteur was not content
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with confining his attention to wine;he knew that beer 
and vinegar were closely related to wine, so he 
studied them. If his hypothesis (or invention) was 
valid, the microscopic cells should be found in them, 
too. This action illustrates another facet of 
Pasteur's problem solving technique, one that is 
common to scientists. He looked around for similar 
situations in which he could discover things about his 
invention; in other words, situations in which his 
hypothesis could be subjected to tests and perhaps 
disproved. Here is a characteristic that has been 
missing from science teaching in the secondary 
schools" (p. 17).
Inferring:
Higher education biology textbook examples:
Villee 1962-"From his experiments he made the 
inference that inheritance is governed by units (which 
he called 'factors') present in the cells of each 
individual" (p. 453).
Teacher education methods textbook examples:
Miller & Blaydes (1962)-"Just as the ability the 
think, and, in so doing, to use the scientific method 
depends upon a knowledge of facts with which the 
thinking is done and just as the drawing of 
inferences, the making of generalizations, and the 
induction and application of principles depend largely
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upon the ability to think logically and 
scientifically, so the formation of attitudes is the 
result of the correlation of all these" (p. 20).
Woodburn & Obourn (1965)-"If science is man's 
endeavor to discover, analyze, and describe the 
universe, then the inference is that facts, laws, and 
principles— the content of science— exist in nature, 
and the role of the scientist is that of discoverer" 
(p. 14).
Woodburn & Obourn (1965)-"It must be the ground 
of all reasoning and inference that what is true of 
one thing will be true of its equivalent, and that 
under carefully ascertained conditions nature repeats 
herself" (p. 35).
Information sources; "Printed, audio-visual, or other aids 
that the students may obtain information from; used when 
the instructional unit provides information to the student 
about the kinds of information sources or how to use 
information sources" (Haussler & Pittman, 1973, p. 191). 
Higher education biology textbook examples:
Villee 1954-"At one time, when there were fewer 
journals, it might have been possible for one man to 
read then each month as they appeared, . . . Journals 
such as Biological Abstracts. . . . The Botanical 
Review. Quarterly Review of Biology. . . . "  (p. 3).
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Integrating the material with previous knowledge;
High school biology textbook examples:
BSCS Green 1973-"The pedigree on the next page 
shows the descendants of Mohan, a white tiger captured 
in India. Assuming that whiteness in tigers is a 
single-locus trait, is it recessive or dominant? What 
evidence supports your answer?" (p. 602).
Teacher education methods textbook examples:
Miller & Blaydes (1962)-"Any educational technic 
which will do this is worthy of highest praise, for in 
so far as new experience can be related to the past it 
has fullness of meaning, and from such experiences 
come fullness of understanding on the part of the 
student" (p. 88).
Bremner (1967)-"Perhaps more important, the 
teacher must realise that biological concepts are 
built up gradually over the years and that the most 
effective teaching involves constant reference back to 
previously gained knowledge" (p. 6).
Renner & Stafford (1972)-"Knowledge gained 
through previous explorations, which is applicable to 
the current problem, can and should be used" (p. 7).
Collette (1973)-"Bruner maintains that the 
principal problem of human memory is retrieval, not 
storage, and that when learners integrate material 
into their own cognitive structure, the material is
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made more retrievable" (p. 163).
Interpolating; "The student interpolates between two 
observed points" (Haussler & Pittman, 1973, p. 154).
Higher education biology textbook examples:
Weisz 1963-"Sometimes it is desirable to make 
finer distinctions between two consecutive ranks. In 
that case an additional rank may be interpolated 
between the original two and the prefix sub- or super- 
is then added to one of the main ranks" (p. 164). 
Teacher education methods textbook examples:
Woodburn & Obourn (1965)-"The ultimate value of 
data all too often hinges on interpolation and 
extrapolation, processes which are almost impossible 
if the data have not been systematically derived" (p. 
75) .
Collette (1973)-"Two commonly used deductive 
processes are interpolation and extrapolation" (p.
18) .
Interpreting data: "If the observations are qualitative,
their interpretation involves collating them mentally and 
formulating a discrete concept of what the experimental 
results signify; if the data are presented in the form of a 
graph, their interpretation also includes formulating a 
conception of the trends of the functional relationship 
displayed and translating this information into an 
equivalent verbal or mathematical statement; A check of the
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match between data and interpretation of the data with the 
stated hypothesis" (Haussler & Pittman, 1973, p. 193). 
Teacher education methods textbook examples:
Bremner (1967)-"At the point of interpretation. 
it is the teacher's job to stress the clues found by 
the pupils and lead them forward towards an 
understanding of the structure observed" (p. 21). 
Longing to know and understand: "An inquiring person seeks
the 'how' and 'why' of the phenomena which surround him. 
Knowledge, for him, is a desirable goal in itself" (Falk, 
1971, p. 21). This skill was also used to denote curiosity 
and the desire to learn.
High school biology textbook examples:
MB 1951-"First of all, scientific research calls 
for an inquisitive mind. . . ." (p. 8)
BSCS Green 1963-"It is not enough to know that 
cold weather kills tomato plants; we want to know at 
what temperature they are killed" (p. 70).
Teacher education methods textbook examples:
Heiss, Obourn, & Hoffman (1950)-"A person who is 
scientific . . .  is curious about his environment" (p. 
47) .
Woodburn & Obourn (1965)-"To seek to know only 
for the sake of knowing how condemns one to the role 
of technologist, but to become intrigued by a puzzling 
event or circumstance and abandon oneself to the sheer
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joy of discovery can change this label to scientist11
(p. 22) .
Bremner (1967)-"The recognition that knowledge 
gained is but a basis for future learning may help the 
pupils to keep their scientific curiosity alive. . .
." (p. 7)
Measuring: "Any quantitative observation performed by the
student necessitating the use of an instrument" (Haussler & 
Pittman, 1973, p. 193); also used to indicate a textual 
example of the process.
High school biology textbook examples:
MB 1951-"At the end of four weeks, the length of 
all stems can be found by counting the leaves and 
measuring the distance between them" (p. 7).
MB 1965-"Another way of studying food chains is 
to determine the weight in each step of the chain" (p. 
679) .
Teacher education methods textbook examples:
Romey (1968)-"Qualitative information based on a 
quick look may later be improved by careful 
measurement and quantitative description" (p. 12). 
Model: "An example from the ordinary experiences of a
student which is used to explain a phenomena with similar 
characteristics; this deals with the students acquisition 
of knowledge about a particular model" (Haussler & Pittman, 
1973, pp. 191-192).
361
Examples of models utilized in the high school 
texts are the scientific method as described in the MB 
texts, and the explanation of classification as being 
similar to the address on an envelope (in the MB 
texts).
Observing: "A process that does not involve the use of a
measuring instrument by the student" (Haussler & Pittman, 
1973, p. 192).
High school biology textbook examples:
MB 1951-"Make accurate observations" (p. 6).
MB 1951-"Observing the experiment. . . . The 
scientist is, of course, a keen observer, . . . "  (p.
7)  •
MB 1951-"We can readily see why the cat, lion, 
leopard, cougar, and tiger are grouped. These 'cats' 
all look somewhat alike— they have the same structural 
similarities" (p.74).
Operationally defining;
Teacher education methods textbook examples:
Falk (1971)-"A discussion at the end of the 
period (or at the beginning of the next, depending on 
time) summarizes the results and leads to the 
formulation of an operational definition of osmosis" 
(p. 71).
Renner & Stafford (1972)-Another scheme which 
provides a basis for organizational activities (and to
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some extent descriptive activities as well) is the 
idea of the operational definition used extensively by 
scientists. . . .  An operational definition is, then, 
a definition that lists, as criteria, measurements or 
observations . . .  by which you could decide whether a 
given object is 'in' or 'out'" (p. 182).
Performing laboratory techniques
High school biology textbook examples:
MB 1951-"For example, an operation cannot be 
performed until a medical technician has determined 
the kind of blood a patient has, the clotting time, 
the corpuscle count, and any other significant facts. 
Before the operation has been completed, it may be 
necessary to send part of the removed organ to the 
laboratory for microscopic examination to be sure that 
cancer is not present. Similarly, technicians check 
the bacteria content in milk and water, the strength 
of drugs, or the appearance of elm bark for the 
presence of Dutch elm disease" (p. 9).
Teacher education methods textbook examples:
Miller & Blaydes (1962)-"He performs experiments, 
records observations and results, summarizes data, and 
draws conclusions" (p. 38).
Predicting:
High school biology textbook examples:
MB 1965-"By having a knowledge of food chains and
pyramids, ecologists may be able to predict future 
events" (p. 680).
MB 1969-"Wherever succession has been studied, 
the sequence of organisms and their time of appearance 
can be predicted with surprising accuracy" (p. 691). 
Teacher education methods textbook examples:
Romey (1968)-"In order to involve the students 
actively turn off the projector before the film gives 
its conclusion and ask members of the class to predict
what they think is coming or what the conclusion will
be" (p. 54).
Principle or law: "A generalization derived and established 
on the basis of a large number of observations of phenomena 
(or objects); example: Mendel's laws, Archimedes'
principles" (Haussler & Pittman, 1973, p. 191).
High school biology textbook examples:
BSCS Blue 1963-By what principles can we explain 
and describe the process of community development?"
(p. 655).
Teacher education methods textbook examples:
Miller & Blaydes (1962^-"Principles are 
scientific truths of wide application" (p. 19).
Collette (1973)-"Relationships among concepts are 
often expressed in the form of principles. A 
principle or rule, . . .  is two or more concepts which 
are related in a particular way" (p. 175).
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Processing experimental data: "Manipulating, adjusting,
and organizing observations and measurements; examples: 
organizing data in tables, carrying out an error analysis" 
(Haussler & Pittman, 1973, p. 193).
Teacher education methods textbook examples:
Miller & Blaydes (1962)-"How to compile data from 
observation and experiment and how to express it in 
tables and graphs should be a part of the early 
science training of the child" (p. 99).
Renner & Stafford (1972)-"Vast collections of 
information can be interpreted more readily if they 
are assembled into charts or tables" (p. 179). 
Questioning; This skill indicated not only the process of 
questioning but also was checked if questions were used in 
the text.
High school biology textbook examples:
MB 1951-"What did the experiment show? Was the 
hypothesis proved or disproved?" (p. 10).
MB 1956-"The more you study biology, the more 
questions you will want answered. Such questions 
present a problem to the scientist. He wants to find 
the answer to it" (p. 6).
MB 1963-"Would they be short like one parent, 
tall like the other, or of medium height, with the 
characteristics of both?" (p. 619).
Recognizing a problem and asking relevant questions
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High school biology textbook examples:
MB 1951-"Recognizing and defining a problem. A 
scientific investigation begins with recognition of an 
unsolved problem. In selecting a problem, the 
scientist must define it clearly and be sure that he 
has an aim well in mind" (p. 10).
MB 1951-"Recognizing and defining a problem. The 
more you study biology, the more questions you will 
want answered. Such questions present a problem to 
the scientist. He wants to find the answer to it" (p. 
6) .
Recognizing patterns and relationships:
Teacher education methods textbook examples:
Heiss, Obourn, & Hoffman (1950)-"Many analyses of 
the problem solving objective have been made. The 
following outline is proposed to suggest some of the 
types of skills that must be provided for as teacher 
make specific plans for learning experiences to give 
practice in the elements of this objective. . . . 
Identifying the different relationships which may 
exist between factors" (pp. 93-94).
Recognizing scientific development depends on a multitude 
of factors: "The student recognizes that the past, present
and future development of science relates to factors such 
as societal demands, luck, what is already known and 
'science for its own sake'; the student realizes the
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relationships among scientific process, technical 
achievements and economic development" (Haussler & Pittman, 
1973, p. 152).
Higher education biology textbook examples:
Weisz 1963-"This is also the place where hunches, 
intuitions, and lucky accidents aid science 
enormously" (p. 7).
Recognizing the limits of science:
Teacher education methods textbook examples:
Woodburn & Obourn (1965)-"Dealing with a natural 
phenomenon in manner other than intellectual goes 
beyond the domain of science. Such an endeavor could 
be art, music, literature, technology, or other, 
equally valuable activity, but it would not be 
science. Furthermore, only those intellectual 
treatments of natural phenomena in which the treatment 
is consistent with the rigor imposed by the methods of 
science can included in the domain of science" (p.
21) .
Bremner (1967)-"They should, however, leave the 
biology course realising the limitations as well as 
the bounties of scientific knowledge" (p. 7). 
Recognizing the need for a theoretical model: "The student
recognizes a need for a theoretical model to relate 
difference phenomena and empirical laws or principles; the 
student formulates a theoretical model to accommodate the
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known phenomena and principles; the student specifies 
phenomena and principles that are satisfied or explained by 
a theoretical model" (Haussler & Pittman, 1973, pp. 154- 
155). "Where theoretical model = a method or organizing 
idea which ties together in a consistent, rational manner 
the various phenomena and generalizations in the area it 
covers and which is used to account for or explain the 
observations and generalizations in the area it covers" 
(Haussler & Pittman, 1973, p. 194).
High school biology textbook examples:
MB 1951-"0ften trial and error experimentation 
would be fatal. The technical method is widely used 
in testing. Much of our new knowledge of science 
results from use of the research method" (pp. 5-6). 
Recording observations
High school biology textbook examples:
MB 1951-"0rganizing and recording data from an 
experiment. Every part of the experiment— the way it 
was set up, what happened during its progress, and the 
results— must be recorded accurately. These records 
may be in the form of notes, drawings, tables, or 
graphs" (p. 7).
Replicating procedures:
High school biology textbook examples:
MB 1963-"If possible, repeat this investigation 
in several different kinds of habitats, such as a
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woods, a hilltop, and a lowland" (p. 88).
MB 1951-"Usually, the scientist will have to 
repeat the experiment several times to be sure his 
results are reliable" (p. 10).
Teacher education methods textbook examples:
Woodburn & Obourn (1965)-"In order to be 
acceptable, a feature of an observation must be: (a) 
capable of being presented again in similar 
conditions" (p. 43).
Bremner (1967)-"They are the need for a number of 
experimental trials in order that the emerging data 
may be meaningful, and the importance attached to the 
techniques involved in the actual performance of the 
experiment" (p. 28).
Respecting logic:
High school biology textbook examples:
BSCS Green 1963-"The paleontologist must reason 
from the evidence of the skeleton, and the argument 
goes like this. . . ." (p. 312)
BSCS Blue 1973-"Based on the results of this 
experiment, which is the most logical answer to the 
question, "What is muscle fatigue?. . . . "  (p. 665)
MB 1951-"In scientific thinking, reason replaces 
superstition" (p. 4).
MB 1951-"They introduced a kind of thinking based 
on reason rather than superstition, and proved facts
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rather than mere ideas" (p. 8).
Teacher education methods textbook examples:
Woodburn & Obourn (1965)-"The hypothesis provides 
an opportunity to subject the design of an evolving 
investigation to the rules of formal logic and deduce 
various consequences" (p. 83).
Falk (1971)-"Inferences and predictions, if they 
are to have validity, must be based on logical cause 
and effect relationships" (p. 21).
Renner & Stafford (1972)-"Here we see one of the 
supremely important qualities which a scientist must 
have, the ability to formulate hypotheses based on the 
logic of the data he has available" (p. 25).
Collette (1973)-"Such biology courses were 
systematic, highly logical, and generally appealing to 
secondary school science teachers" (p. 102).
Scientific techniques/procedures: "A standard accepted
scientific method or procedure; examples: how to read
measuring instruments, how cell growth is studied, how to 
make standard solutions" (Haussler & Pittman, 1973, p.
191) .
High school biology textbook examples:
MB 1963-"Make an ecological survey and analysis 
of life in a meter square of an open field as follows.
. . ." (p. 88)
Teacher education methods textbook examples:
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Bremner (1967)-"They are the need for a number of 
experimental trials in order that the emerging data 
may be meaningful, and the importance attached to the 
techniques involved in the actual performance of the 
experiment" (p. 28).
Scientific terminology: "Terms that are an integral part of 
a scientist's vocabulary as he describes his work"
(Haussler & Pittman, 1973, p. 190).
MB 1951-"The species . . . name follows and 
usually, but not always, begins with a small letter. 
The genus name is generally a noun and the species 
name is an adjective" (p. 75).
Tentativeness
High school biology textbook examples:
MB 1965-"Remember that this is not the only 
system, not is it by any means perfect. We cannot say 
that one system is right and another wrong" (p. 207).
MB 1965-"We must remember that any system of 
grouping is purely man-made. We divide living things 
into classification groups for our own convenience.
. . . The question then is where do we draw the 
line in forming these groups?" (p. 205).
Teacher education methods textbook examples:
Weisz 1959-"But above species level, taxonomic 
classification becomes more or less arbitrary. It 
depends in large measure on a consensus of opinion
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among qualified biologists as to how greatly organisms 
must differ before they may be put into separate 
genera, orders, phyla, etc." (pp. 652-653).
Theory: "A significant organizing or explanatory idea in
science; a major conceptual scheme; examples: atomic
theory, theory of evolution" (Haussler & Pittman, 1973, p.
192).
High school biology textbook examples:
MB 1965-"A knowledge of ecological succession 
enables us to predict the changes, but phenomena such 
as this earthquake provide us with opportunities to 
prove our theories" (p. 697).
BSCS Green 1963-"In other words, he developed a 
theory to explain his facts" (p. 536).
Higher education biology textbook examples:
Weisz 1963-"Chromosomes then came to be regarded 
as the carriers of the factors, and the chromosome 
theory of heredity so emerged. This theory has since 
received complete confirmation, and Mendel's factors 
became the genes of today" (p. 681).
Teacher education methods textbook examples:
Renner & Stafford (1972)-"New and unsuspected 
phenomena are . . . repeatedly uncovered by scientific 
research and radical new theories have again and again 
been invented by scientists" (p. 108).
Collette (1973)-examines various theories of
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learning (Gagne', Bruner, and Ausubel) as relate to 
science education starting on page 156.
Translating content presented in one symbolic form to 
another: "The student translates a fact, term, concept,
trend, principle, or theory presented in one symbolic form 
to another symbolic form; example: translation of a verbal
description of the forces involved in a particular 
situation to a vector diagram" (Haussler & Pittman, 1973, 
pp. 153, 192).
High school biology textbook examples:
MB 1956-"These records may be in the form of 
notes, drawings, tables, or graphs" (p. 7).
MB 1973-"Food chains in an ecosystem are often 
represented as a pyramid, with the food-producers 
forming the base and the top carnivore at the apex" 
(pp. 767-768).
Teacher education methods textbook examples:
Bremner (1967)-"Training children to make 
diagrams is also a very important part of teaching.
It can be done most effectively by the teacher as he 
collects information about a structure from the class 
and summarises it graphically on the blackboard" (p. 
67) .
Bremner (1967)-"The collection of information 
into a blackboard table is a useful method of 
summarising the results of many class periodicals" (p.
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32) .
Verifying;
High school biology textbook examples:
BSCS Blue 1963-"Without doing similar experiments 
on many different organisms, animals, plants, and 
protists, we cannot be sure whether these principles 
apply in general to the inheritance of traits in 
living organisms" (p. 346).
BSCS Green 1968-"Actually the view came from 
other kinds of evidence, particularly from the 
evidence of fossils and later on from the evidence of 
experimental studies on heredity" (p. 145).
MB 1969-"A knowledge of ecological succession 
enables us to predict changes, but phenomena such as 
this earthquake provide us with opportunities to prove 
our theories" (p. 692).
BSCS Blue 1973—"Is there any conclusive way to 
find out if this is a genetic or an environmental 
difference? Explain" (p. 615).
Higher education biology textbook examples:
Weisz 1963-"That is why a scientific observation 
is not taken at face value until several scientists 
have repeated the observation independently and have 
reported the same thing" (p. 6).
APPENDIX D 
Bloom's Taxonomy
The following explanation of Bloom's Taxonomy was excerpted 
from pages 52-57 of Falk, D. (1971). Biology teaching 
methods. New York: John Wiley.
Level 1. Knowledge (memorization). The "knowledge" 
objectives emphasize most of the psychological processes of 
remembering. Instructional objectives at this level are 
appropriate when important facts, terminology, names, 
dates, conventions, criteria, concepts, generalizations, 
theories, definitions, classifications, etc., are to be 
simply recalled. The percentage of objectives at this 
level, out of the total number of objectives written for 
any unit must be low if the development of the more complex 
intellectual behaviors required for working in science, as 
stated in Goal 2, are to be achieved.
Instructional objectives beginning with the following 
action verbs will usually be at the "memorization" level: 
state explain name (the parts of)
define tell give (the characteristics of)
list duplicate describe
Examples: (It is understood that each statement is
preceded by: "The student should be able to . . .")
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Define the following terms: chloroplast, chlorophyll,
grana, light reaction, dark reaction.
State the overall chemical equation for photosynthesis 
using words (not formulas) for the substances involved.
List three factors necessary for photosynthesis.
Select from 4 equations, the one which represents 
photosynthesis.
Level 2. Comprehension. At this level, instructional 
objectives will specify behaviors which would demonstrate 
that the student can:
Use a concept, principle, generalization, etc., when 
it appears in different phraseology, symbols, order or 
arrangement than when originally learned (i.e. graphs, 
tables, diagrams, pictures, formulas).
Illustrate an abstraction with examples.
Make quantitative measurements.
See and use relationships between ideas (i.e. 
similarities, differences, cause and effect, numerical).
Predict the continuation of trends.
The following verbs may appear in statements of 
objectives at the "comprehension" level:
compare translate (into your own words)
rearrange relate
reorder explain (in your own words)
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extrapolate
calculate
classify
give an example of 
paraphrase 
collect data
measure manipulate
record data 
Examples:
Relate the function to each of the structures 
indicated on the diagram of a leaf.
Given the diameter of the field using the 43X 
objective, calculate the approximate length and width of 
three kinds of cells.
Record the number of bubbles of oxygen given off by a 
water plant as it is exposed to various light intensities.
Give an example of an autotroph.
Level 3. Application. As with all levels, this one builds 
on the previous levels. "Application" objectives expect 
the student to be able to apply abstract concepts or 
generalizations to the solution of new, concrete or 
practical every-day problems. The authors of the "Taxonomy 
of Educational Objectives" differentiate between 
"comprehension" and "application" objectives as follows:
"A problem in the "comprehension" category requires the 
student to know an abstraction well enough that he can 
correctly demonstrate its use when specifically asked to do
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so. "Application," however, requires a step beyond this. 
Given a problem new to the student, he will apply the 
appropriate abstraction without having to be prompted as to 
which abstraction is correct or without having to be shown 
how to use it in that situation."3
In retrospect, a student who can recall the material 
is operating at level 1. A student who can apply a 
principle he is told to apply is operating at level 2. The 
student who identifies the needed principle and can then 
apply it is operating at level 3. At this level the 
student can:
Select the appropriate inquiry skills when performing 
an experiment.
Recognize the operation of some principle or theory in 
a given situation.
Some action verbs for this level:
apply select explain
interpret differentiate compare
predict discriminate
The same verbs may be found in more than one category. 
In the "application" category, the objectives are concerned 
with applying a "whole" idea, principle, etc., whereas, the 
"comprehension" category is more often concerned with parts 
or simpler segments of the ideas and principles.
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Examples:
Predict what would happen in a closed balanced 
aquarium if the number of snails is increased.
Contrast the activity in a pond (both plant and 
animal) during the daylight hours with that during the 
hours of darkness.
Explain the presence of starch and sugar in the sweet 
potato which is never exposed to sunlight.
Select the heterotrophs from a group of mixed 
heterotrophic and autotrophic plants not previously studied 
in class.
Level 4. Analysis. Instructional objectives at this level 
would ask the student to demonstrate his ability to break 
down a "whole" into its parts. He should be able to:
Identify the hypothesis, assumptions, controls, of a 
given experiment.
See relationships and organizational principles in a 
scientific report.
Determine if experimental results support or refute 
the initial hypothesis.
Separate relevant from irrelevant data in interpreting 
experimental results.
Show how conclusions of an experiment relate to a 
broader theory.
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Some action verbs or phrases for this category might be: 
analyze
state the problem (or hypothesis)
identify the assumptions (or controls)
state the theory or principle (being investigated)
arrange in order (the events of a complex process)
predict the effects
specify the limitations
Examples:
Select from a series of statements those which support 
the hypothesis that the oxygen in the photosynthesis 
reaction comes from the water.
Identify the limiting factor when given the conditions 
existing when a curve for photosynthetic activity levels 
off.
Arrange in proper sequence a given list of chemical 
events occurring during photosynthesis.
Give the assumptions which must be made when drawing 
conclusions from experimental data which shows that adding 
C02 to the water increases the rate of photosynthesis of a 
water plant.
Level 5. Synthesis. Instructional objectives at this level 
would ask the student to demonstrate imaginative, creative 
thinking, not necessarily the kind of creativity of
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scientists at the frontiers of knowledge like Newton, 
Einstein or Mendel, but of thinking that discovers 
knowledge that is new and original for him. This kind of 
thinking requires that the student be able to:
Put together or combine pieces, elements, facts, 
ideas, etc., so as to form a new whole.
Propose an experimental design.
Test a hypothesis.
Formulate appropriate hypotheses for a given 
"discrepant event" or problem situation.
Modify hypotheses in light of new evidence.
Formulate generalizations from experimental results. 
Derive new and original interpretations from given
data.
Action verbs or phrases in the instructional objectives for 
this category: 
synthesize
formulate a hypothesis 
make a generalization 
propose an experiment 
interpret the data
Examples:
Design an experiment to test the hypothesis that light 
is the limiting factor in photosynthesis.
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From a number of conclusions, select the most logical 
to be drawn from the data gathered to measure the 
relationship between kind of plant pigments and 
photosynthetic activity.
Suggest a hypothesis to account for the fact that the 
C02 concentration in a pond is greater in the predawn hours 
than at any other time during a 24 hour period.
Level 6. Evaluation. This category includes the most 
complex behavior of all the categories. Here the student 
is called upon to make judgments. The instructional 
objectives would ask him to make judgments in terms of 
internal accuracy, consistency and logic or in terms of 
external criteria using major accepted theories or 
procedures of recognized excellence. He would be expected 
to be able to:
Devise criteria or standards against which ideas, 
theories, procedures, skills, etc., could be measured.
Make qualitative and quantitative judgments about how 
closely such ideas, theories, etc., met the criteria or 
standards.
Verbs or phrases for this level might be: 
judge justify
evaluate discuss critically
defend your position find the fallacy in
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Examples:
Evaluate Van Helmont's conclusions about tree growth 
in terms of the scientific knowledge available at this time 
(1600) .
Discuss critically Stanley Miller's experiment in 
terms of how it supports but does not prove the heterotroph 
hypothesis.
[Note: The footnote in the excerpt was cited by Falk as
being from the following source:
B. S. Bloom, (ed.) Taxonomy of Educational Objectives. 
(New York: Longmans, Green, 1956), p. 120.]
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GLOSSARY
Behavioral elements: "the intended behaviors of students—
the ways in which individuals are to act, think, or feel as 
a result of participating in some unit of instruction" 
(Haussler & Pittman, 1973, p. 123).
Classification of lab activities:
Confirmation-verification: confirmation of a principle 
through an activity (results known in advance) 
Structured Inquiry: students investigate a presented 
question through a prescribed procedure 
Guided Inquiry: students investigate a presented 
question using student designed methods 
Open Inquiry: students investigate topic-related
questions which are student formulated through 
student selected procedures. (Virginia 
Department of Education, Criteria 14)
Inquiry: Inquiry is defined by Sund and Trowbridge (1967)
"as search for knowledge or truth" (p. 37). The emphasis is 
placed on the search. not on the product. The new curricula 
developed between 1950-1975 emphasized science as inquiry. 
Reformers saw science not so much as a body of knowledge to 
be learned, but as students discovering how scientists 
work. This was accomplished by emphasizing investigative
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processes such as identifying problems, observing, 
measuring, classifying, and inferring. Based on 
psychological principles, it emphasized active learning 
through student involvement (Sund & Trowbridge, 1967).
One problem with the inquiry method was that students 
did not always discover what curriculum reformers had 
intended (Driver, 1988).
Invitations to Inquiry: These were teaching units
developed by BSCS to "bring before the student small 
samples of the operation of enquiry, samples graded to his 
competence and knowledge. Each sample is incomplete.
There is a blank, an omission, which the student is invited 
to fill. This omission may be the plan of an experiment, 
or a way to control one factor in an experiment. It may be 
the conclusion to be drawn from given data. It may be an 
hypothesis to account for data given" (Schwab, 1963, p.
46). These units were designed to promote skill 
acquisition through classroom or laboratory discussions.
Laboratory block: Laboratory blocks programs were designed
as investigatory portions of the BSCS curricula which would 
"enable the students to investigate a series of questions 
in the biology laboratory following a pattern similar to 
that of a professional biologist" (Klinckmann, 1970, p.
83). The problems represented areas of real biological
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research and were designed to "bring the student to the 
frontier of science for a particular subject" (Klinckmann, 
1970, p. 85). The laboratory blocks were designed to be 
used over a period of six weeks. During this period of 
time, students "would be given no textbook . . .  He would 
not be lectured to by the teacher and he would be given 
very few conclusions; he would be forced to state 
hypotheses, carry out experiments designed to test them, 
analyze the data obtained from the experiments, and reach 
tentative conclusions" (Marshall & Burkman, 1966, p. 40).
Process skills: Process skills are the skills and
abilities which are essential in scientific investigation. 
They are not discrete, simple steps but are complex, 
interconnecting components of the methods of science. They 
are skills such as stating problems, forming hypotheses, 
predicting, designing procedures, performing experiments, 
and interpreting data. They are defined as skills because 
students are expected to use them, in contrast to knowledge 
which he is simply expected to learn (Falk, 1971).
PTC paper: Strips of paper, impregnated with the chemical
phenylthio-carbamide, used to illustrate principles of 
inheritance through the detection of its presence by taste. 
"Some persons do not taste the chemical substance in the 
concentration used while others do" (Beaver & Noland, 1970,
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p. 153).
Punnet squares; This is "a grid system used in computing 
possible combinations of genes resulting from random 
fertilization" (Modern Biology. 1973, p. 836). "A properly 
filled-out Punnet square not only shows the possible 
combinations of genes; it also indicates the probability of 
the occurrence of these gene combinations" (p. 139).
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